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METHODS AND PRODT JCTS FOR IN DUCING MUCOSAL IMMUNITY 

The present invention relates methods and products for inducing mucosal immimity. 
In particular, the invention relates to the use of immimostimulatoiy oligonucleotides 
containing a CpG motif alone or in combination with other mucosal adjuvants for inducing 
mucosal immunity. 

Background Of The Invention 

Two distinct compartments of the immune system have been identified: (i) the 
systemic, \diich comprises the bone marrow, spleen and lymph nodes, and (ii) the mucosal, 
which comprises lymphoid ti^e associated with mucosal sur&ces and external secretory 
glands (McGhee et al„ 1992), Mucosal surfaces are associated with the gastrointestinal (GI), 
genitourinary (GU) and respnatory tracts. Each compartment is associated with both humoral 
(antibodies) and cell-mediated (cytotoxic T-cells) responses, howev^ there are difierences in 
the nature of the inmiune responses induced in each compartment Antibodies associated with 
the syst^c compartment are predominantly of the IgG isotype, which function to neutralize 
pathogens in the circulatory system. In contrast, antibodies in the mucosae are primarily 
secretory IgA (S-IgA), vMch function to prevent entry of the pathogen into the body via the 
mucosal surfiace (Lamm et al., 1992). Systemic immunity cannot prevent entry of pathogenic 
organisms at mucosal surfaces. 

Successful systemic inmiunization 0.e., delivery of antigen to the systemic 
compartment) will induce systemic immunity but does not usually yield mucosal inmiune 
responses. In contrast, antigen delivered at mucosal sur&ces triggers both mucosal (at local 
and sometimes at distant sites) and systemic responses (Haneberg et al., 1994, Gallichan and 
Rosenthal, 1995). 

Most vaccines developed to date are delivered parent^ally, for example by 
intramuscular (IM) or intradennal (ID) injection, and as such induce primarily systemic 
immunity. However, the combined mucosal sur&ce area is more than 200 times greater than 
ibsX of the skin and is the primary site of transmission of numerous infectious diseases. 
Therefore, current vaccination strategies permit the pathogen to enter the body and only fight 
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it once it is in circulation. Infection and morbidity rates could be reduced if effective mucosal 
immunity could be induced. Furthemiore, there is evidence that mucosal vaccines may have a 
broader age range of recipients. Fmally , mucosal vaccines are often administered by non- 
invasive means (e.g., nose drops, nasal spray, inhaled nebulizer), thus they are easier and less 
5 expensive to administer, have less need for trained personnel and no risk of needle stick injury 
or cross contamination (for reviews see Mestecky et a/.,1992, Staats et fl/.,1994, 0,Hagan 
1994). 

As mentioned above, the hallmark of mxjcosal immimity is local production of S-lgA 
antibodies. These constitute > 80% of all antibodies in mucosae-associated tissues and are 

10 induced, transported and regulated by mechanisms quite distinct from those of the systemic 
response. IgA is of primary importance to the host defense because it acts not only to resist 
strict mucosal pathogens but also of the many microorganisms which initially colonize 
mucosal surfiaces but subsequently cause systemic disease. TTiere appear to be three sites of 
IgA mediated mucosal defense: (i) in the lumen, where S-IgA can neutralize viruses, bacterial 

15 toxins and enzymes, and act as a mucosal barrier to prevent viral attachment, microbial 

adherence and adsorption of antigen; fii) within epithelial cells vy^ere dimcric IgA can bind to 
intracellular antigen; (iii) within the lamina propria where dimeric IgA can complex with 
antigen and the mmiune complex thus formed transported to the lumen (Lamm et al, 1992). 

Many vaccines in development are composed of synthetic or recombinant antigens 
20 (peptides or polypeptides). These are considered safer than traditional attenuated or 
inactivated whole pathogens, however they are often poorly immunogenic and require 
adjuvants to enhance specific immunity. For systemic administration, aluminum precipitates 
(alum) may be added to the antigens to augment immune responses. Alum is currently the 
only adjuvant licensed for human use in most countries mcluding the USA, however it is not 
25 suitable for delivery to mucosal surfeces. Therefore most mucosal vaccines used today 

contain live-attenualcd organisms, and little success has been obtained with mucosal delivery 
of subunit vaccines. 

Cholera toxin (CT) is the mucosal adjuvant most commonly used in animal models. 
CT is the primary enterotoxin produced by Vibrio cholerae. It is an 84 kilodalton polymeric 
30 protein consisting of two subunits, a monomeric A subunit and a peatameric ring shaped B 
subunit TbQ B subunit binds GMl gangliosides at tiie surfece of eukatydtic cells and enables 
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insertion of the A subunit into the cytosol, where it ADP-ribosylates GTP-binding regulatory 
protein associated with adenylate cyclase (Spangler, 1992). 

CT enhances antigen presentation by macrophages, epitheUal cells and B cells, 
promotes differentiation and isotype switching in B cells, and has complex inhibitory and 
stimulatory effects on T-cell proliferation and lymphokine production (Snider, 1995). Some 
groups report that CT can selectively activate Th2-type CD4+ T cells while inhibiting Thl- 
type cells (Takahashi et aL, 1 9960 while others report activation of both THl and Th2-type 
CD4+ T cells (Homquist and Lycke, 1 993). Differences may be due to a number of fectors 
including route of immunization and the nature of the antigen. 

The Escherichia colt heat-labile enterotoxin (labile toxin, LT) is structurally and 
functionally closely related to CT, and has similar adjuvant properties (Lycke et cd,, 1992). LT 
can confer itiununity to co-administeied antigens that are on their own noiwimmunogenic 
when administered by mucosal routes; this adjuvant effect is noted whether LT is simply 
mixed vydth or is physically coupled to the antigen (Hohngren et aL, 1993). 

While very effective as mucosal adjuvants in animal models, CT and LT are highly 
to}dc, and especially so in humans. Genetically detoxified mutants of both CT and LT have 
be^ developed by using site-directed mutagenesis, which, at least in animal models t^pear to 
be less toxic yet retain some adjuvanticity (e.g., LTK63 is LT vnlii a single substitution at 
seriae-63) (R^uoli et al., 1995, Douce et a/., 1994, Pizza et at, 1994, De Haan et al, 1996). 
Nevertheless, the level of adjuvantidty sqjpears to be proportional to tiie level of retained 
toxicity, and thus th«« is a clear need for an alternative safe and effective mucosal adjuvant 



Summary Of The Invention 

The present invention relates to methods and products for inducing immune responses 
usirig immuiiostimulatory CpG dinucleotide containing oligoniicleotides. In one aspect the 
invention is a method for inducing a mucosal immune response. Hie method includes tiie step 
of administering to a mucosal sui&ce of a subject an effective amount for inducing a mucosal 
immune response of an oligonucleotide, having a sequence including at least the following 
formula: 

5' XiXjCGXaXiS' 
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wherein C and G arc immetiiylated, wherein X,^ Xj, X3, and X4 are nucleotides, and exposing 
the subject to an antigen to induce the mucosal immune response, and wherein the antigen is 
not encoded in a nucleic acid vector. 

In another aspect the invention is a method for inducing a mucosal immune response. 
The method includes the step of administering to a mucosal surface of a subject an effective 
amoimt for inducing a mucosal immune response of an antigen and a plasmid vector, having a 
sequence including at least the following formula: 

5'X,X2CGX3X4 3' 

wherein C and G are unmethylated, wherein X^^X^, Xj^and X^ are nucleotides. 

In one embodiment the antigen is not encoded in a nucleic acid vector. In anoflier 
embodiment the antigen is encoded by a nucleic acid vector, which optionally may be the 
plasmid vector, hi yet another embodiment the plasmid vector includes a nucleic acid 
sequence which operatively encodes for a cytokine. Preferably flie antigen and flie plasmid 
vector are administered orally or intranasally. In some embodiments at least 50p.g of the 
plasmid vector is admmistered to the subject 

According to another aspect of the invention a method for inducing a mucosal immune 
response is provided. The method includes the step of administering to a mucosal sur&ce of a 
subject an effective amount for inducing a miicosal immune response of an antigen and of an 
oligonucleotide, having a sequence including at least the following formula: 

5'X,X2CGX3X4 3' 

wherein C and G are unmethylated, v*erein X, X2, X3 and are nucleotides, and \^*erein 
the antigen is encoded by a nucleic acid vector. Preferably die antigen and the oligonucleotide 
are administered orally or intranasally. 

In some embodiments of the invention the oligonucleotide has a backbone selected 
fiom the group consisting of a phosphodiester backbone and a chimeric backbone. In otiier 
embodiments die oligonucleotide has a phosphorothioate backbone. In the embodiments 
wherein the oligonucleotide has a phosphorothioate backbone and whwein the antigen is 
encoded by a nucleic acid vector and the CpG is an oligonucleotide it is a preferred but not 
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limited embodiment that the plasmid and oligonucleotides are delivered with a colloidal 
dispersion system. In some embodiments the colloidal dispersion system is selected jBrom the 
group consisting of macromolecxilar complexes, nanoc^sules, miax}spheres, beads, and lipid- 
based systems. In other embodiments the plasmid and oligonucleotide are coated onto gold 
particles and are delivered with a gene-gun. 

A method for inducing a mucosal immune response in a subject is provided in other 
aspects. The method involves the step of administering to a subject an antigen and an 
effective amount for inducing a mucosal immune response of an oligonucleotide, having a 
sequence including at least the following formula: 

5'X,XaCGX3X4 3» 

vlierein C and G are unmethylated, v^erein X1.X2, X3 and X4 are nucleotides, and 
administering to the subject a hormone to induce the mucosal immune response. 

In one embodiment the antigen and the oligonucleotide are administered to a mucosal 
surface of the subject In another embodiment the hormone is administered systemically. In 
one embodiment the hormone is encoded by a nucleic acid vector. 

The invention in other aspects involves methods for inducing an immune response. 
The mediod involves the steps of orally, intranasally, ocularly, vaginally, or rectally 
administering to a subject an efiective amount for inducing an immune response of an 
oligonucleotide, having a sequence including at least the foUovnng formula: 

5'X,X2CGX3X4 3' 

wherein C and G are mmiethylated, wherein Xj X2, Xa^and X4 are nucleotides, and exposing 
the subject to an antigra to induce the immune response. 

In some embodiments the antigen is administered orally, intranasally, ocularly, 
vaginally, or rectally. In other embodiments the antigen is administered simultaneously with 
the oligonucleotide. Preferably the oligonucleotide is administoed in an effective amoimt for 
inducing mucosal immunity. 

According to other aspects the invention is a method for inducing an immune 
response. The method involves the step of orally, intranasally, ocularly, vaginally, or rectally 
administering to a subject an effective amoimt for inducing an immune response of a CpG 
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containing plasmid, having a sequence including at least the following fonnula: 

5' X,X2CGX3X4 3' 

wherein C and G are unmethylated, wherein X,, Xj, X^^ and X4 are nucleotides, and exposing 
the subject to an antigen to induce the tnunune response. 

In some embodiments the antigen is administered orally, intranasally, ocularly, 
vaguially, or rectally. In other embodiments the antigen is administered simultaneously with 
the CpG contaming plasmid. Preferably the CpG containing plasmid is administered in an 
effective amount for inducing mucosal inununity. 

The methods involve an induction of mucosal immunity. Mucosal immunity can be 
induced in a local and/or remote site. In some embodiments the mucosal immunity is induced 
in a local site and in others the mucosal immunity is induced in a imote site, or both. 

In order to induce a mucosal immune response the CpG oligonucleotide can be 
administered with a prime dose, a boost dose or both. For instance the CpG oligonucleotide 
may be administered with a priming dose of antigen. In another embodiment the CpG 
oligonucleotide is administered with a boost dose of antigen. In some embodiments the 
subject is administered a priming dose of antigen and CpG oligonucleotide before the boost 
dose. In yet other embodiments the subject is administered a boost dose of antigen and CpG 
oligonucleotide after the priming dose. 

In another aspect the invention is a method for mducing a systemic immi mff response. 
The method involves administering to a mucosal surface of a subject an effective amount for 
inducing a systemic immune response of an oligonucleotide, having a sequence including at 
least the following formula: 

S'X,X2CGX3X4 3' 

v*erein C and G are unmethylated, wherein Xi^Xj, Xj^ and X4 are nucleotides, and 
administering to the mucosal surfece of the subject an antigen to induce the systemic nnmune 
response. In one embodiment the antigen is not encoded in a nucleic acid vector, and wherem 
the antigen does not produce a systemic immune response v4ien administered to the mucosal 
surface alone. 
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According to another aspect of the invention a method for inducing a systemic 
immune response is provided The method involves the step of administering to a mucosal 
surface of a subject an effective amount for inducing a systemic immune response of a 
combination of a non-oligonucleotide mucosal adjuvant and an oligonucleotide, having a 
sequence including at least the following formula: 

S'XjXjCGXjXaS' 

wherein C and G are unmethylated, wherein X| X2, Xa^and X4 are nucleotides, and exposing 
the subject an antigen to induce the systemic immune response. 

In one embodiment the antigen is delivered to a mucosal surface. In another 
embodiment the antigen is not encoded in a nucleic acid vector. 

The subject may be actively exposed to the antigen or passively exposed to the 
antigen. In one embodiment of the methods described herein the subject is actively exposed 
to the antigen and the antigen is delivered to a mucosal sur&ce. In other embodiments the 
antigen is administered concurrently with the oligonucleotide. The antigen may be delivered 
alone or in conjunction with a colloidal dispersion system. In some embodiments the 
colloidal disp^on system is selected from the group consisting of macromolecular 
complexes, nanocspsules, microspheres, beads, and lipid4>ased systems. Lipid-based systems 
optionally include oil-in-water emulsions, micelles, mixed micelles, or liposomes. 

In other embodiments the subject is passively exposed to the antigen through 
enviroxmiental contact The subject ibst is passively exposed to tiie antigen in some 
embodiments is a subject at risk of developii^ an allergic reaction, an infectious disease, or a 
cancer. In other embodiments the subject has an infectious disease, a cancer, an allergy or is 
an asthmatic. 

The antig^ lliat is passively or actively administ^ed to the subj ect is any type of 
antigen known in the art and includes for example cells, cell extracts, proteins, polypeptides, 
pq)tides, polysaccharides, polysaccharide conjugates, peptide mimics of polysaccharides, 
lipids, glycolipids, carbohydrates, allergens, viruses aad viral extracts and muticellular 
oi^anisms such as parasites. In one embodiment the antigen is derived from an infectious 
organism selected from the group consisting of infectious bacteria, in&ctions viruses. 
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infectious parasite and infectious fungi. 

The method may also include the step of administering a non-oligonucleotide mucosal 
adjuvant in conjunction with the antigen. Non-oligonucleotide mucosal adjuvants may 
include, for example, cholera toxin, derivatives of cholera toxin, labile toxin, derivatives of 
labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, oil-in-water and oibss: 
emulsion formulations such as MF59, SAP, Montanide ISA 720 and PROVAX, PCPP 
polymers, and ISCOMS. 

In other embodiments the method includes the step of administering a cytokine or a B- 
7 cosdmulatoiy molecule to the subject 

In some embodiments, the oligonucleotide is administered orally, mucosaily, ocularly, 
vaginally, rectally, or by inhalation to a subject. 

The oligonucleotide may be modified. For instance, in some embodiments at least one 
nucleotide has a phosphate backbone modification. The phosphate backbone modification 
noay be a phosphorothioale or phosphorodithioate modification* In some embodiments the 
phosphate badcbone modification occurs on the 5' side of the oligonucleotide or the 3' side of 
the oligonucleotide. 

The oligonucleotide may be any size. Preferably the oligonucleotide has 8 to 100 
nucleotides. In other ^nbodiments the oligonucleotide is 8 to 40 nucleotides in length. 

In some embodiments XjXj are nucleotides selected fit)m tiiie group consisting of: 
GpT, GpG, GpA, ApA, ApT. ApG, CpT. CpA, CpG, TpA, TpT, and TpG; and X3X4 are 
nucleotides selected from the group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, TpC, 
ApC,CpC,TpA,ApA,andQ>A. Preferably XjXj are GpA or GpT and X3X4 are TpT. In 
oth^ preferred embodiments Xi or X2 or both are purines and X3 or X4 or both are 
pyrimidines or XiX2 are GpA and X3 or X4 or both are pyrimidines. In one embodinrait Xj is 
a T and X3 is a pyrimidine. The oligonucleotide may be isolated or synthetic. 

In some embodiments the oligonucleotide has a sequence including at least the 
following formula: 

5'TCNTX,X2CGX3X4 3* 
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wherein Xi, XjJC^^, and X4 are nucleotides, N is a nucleic acid sequence composed of from 
about 0-2S nucleotides. 

In other aspects, the invention encompasses phaimaceutical compositions for orally, 
intranasally, ocularly, vaginally, or rectally administering CpG oligonucleotides or CpG plasmids. In 

5 one aspect the composition is an oral formulation of a CpG oligonucleotide in a bufiTt^ for 

neutralizing biological acids. In another aspect the composition is an intranasal formulation of a CpG 
oligonucleotide in an aerosol. In other aspects the composition is a vaginal or rectal formulation of a 
CpG oligonucleotide in a suppository or oth^ vehicle suitable for delivery to vaginal and rectal 
tissue. In otfa^ aspect the composition is an ocular formulation of a CpG oligonucleotide in a 

10 solution compatible with the eye. Such formulations are described herein as well as in Remingtons 
Phannaceutical Sciences, which is hereby incorporated by reference. 

Each of limitations of the invention can mconq)ass various embodiments of the 
invention. It is, therefore, anticipated that each of the limitations of the invention involving 
any one element or combinations of elements can be included in each aspect of the invention. 

15 Prfcf p^criptipp OfTlhe Pnwmgs 

Figure 1 is a bar graph depicting the efifect of different adjuvants on total IgG titers of 
anti-HBS, wherein BALB/c mice were immunized by IN inhalation with HBsAg (1 or 10 f4$) 
without or in combination with Cholem toxin (CT) and/or CpG oligonucleotide (motif #1 826, 
SEQ ID NO, 90) adjuvants. 

20 

Figure 2 is a graph depicting the effect of different adjuvants on total IgG titers of 
anti-Hbs, wherein BALB/c mice were immunized by IN inhalation with HBsAg (1 fxg) 
without or in combination with Cholera toxin (CT) and/or CpG oligonucleotide (motif #1826, 
SEQ ID NO. 90) adjuvants and at 8 weeks mice were boosted in the ^ime manner as prime. 

25 

Figure 3 is a bar gr^h depicting the effect of different adjuvants on anti-HBs IgG 
iso^pe, wherein BALB/c mice were immunized by IN inhalation with HBsAg (1 /zg) witiiout 
or in combination with Cholem toxin (CT) and/or Q)G oligonucleotide (motif #1 826, SEQ ID 
NO. 90) adjuvants (1 ^g) and at 8 weeks mice were boosted in the same maimer as prime. 



30 
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Figure 4 is a bar graph depicting the effect of different adjuvants on HBsAg specific 
CTL response, wherein BALB/c mice were immunized by IN inhalation witib HBsAg (10 /^g) 
without or in combination with Cholera toxm (CT) and/or CpG oligonucleotide (motif #1826, 
SEQ ID NO, 90) adjuvants at different doses (1 or 10 ^g) and four weeks after immunization 
5 mice were killed by Halothane overdose, splenocytes isolated and HBsAg specific CTL 
activity measured. 



Figure 5 is a bar graph depicting the effect of different adjuvants on anti-HBs IgA 
titers in lung washes, wherein BALB/c mice were unmunized by IN inhalation with HBsAg (1 
10 or 10 /ig) without or in combination with Cholera toxin (CT) and/or CpG oligonucleotide 
(motif #1826, SEQ ID NO. 90) adjuvants at different doses (1 or 10 fig) and four weeks after 
immunization (or after boost for group marked by *) mice were killed by Halothane overdose 
and limgs were washed with 1ml TBS. 



15 Figure 6 is a bar gr^h depicting the effect of different adjuvants on anti-HBs IgA 

titers in fecal pellet solutions, wherein BALB/c mice were immunized by IN inhalation with 
HBsAg (1 or 10 /^) without or in combination with Cholera toxin (CT) and/or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) at different doses (1 or 10 fig) and four weeks 
after immunization (or after boost for group marked by *) mice were isolated for 24 hr and 

20 fecal pellets were collected and resuspended m TBS at 0.1 mg/ml. 

Figure 7 is a graph depicting the effect of different adjuvants on total IgG titers of anti- 
HBs, vs^aein BALB/c mice were immunized by IN inhalation with HBsAg (1 ^g) without or in 
combiiiation with Cholera toxin (CT). &cAer/cA/fl c^^^^ 
25 of OiolOT toxin (CTB), a detoxified mutant of Escherichia coli heat-labile enterotoxin (L1K63), 
CpG oligonucleotide (motif#1826, SEQ IDNO. 90)ornon-CpGcontioloKgonucleotide (motif 
#1982, SEQ ID NO. 90) as adjuvants (1 , 10 or 500 fig). In groi?>s which responded, all mice gave 
titers > 1 0, except in the case of 1 0 fig LT where only 1 /5 mice responded. 



30 



Figure 8 is a bar grsph depicting the effect of different prime/boost strategies on total IgG 
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titers of anti-HBs, wherein B ALB/c mice were immimized: (i) by IM injection with HBsAg (1 
Jig) in combmation with alum plus CpG oligonucleotide (motif #1826, SEQ ID NO. 90) and 
boosted at 4 weeks as prime, or by IN inhalation with HBsAg (1 |ig) without or in combination 
with Cholera toxin (CT) and /or CpG oligonucleotide (motif #1826, SEQ ID NO. ); or Qi) by IN 
5 inhalation with HBsAg (1 jig) without or in combination with Cholara toxin (CT) and /or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 weeks as prime or by IM 
injection with HBsAg (1 jig) in combination with alum plus CpG oligonucleotide (motif #1826, 
SEQ ID NO. 90). Numbers at the top of each bar represent the IgGa/IgGl ratio. 

10 Figare 9 is a bar gnq)h depicting the effect of different prime/boost strategies with 

dififerent adjuvants on HBsAg specific CTL response, wherein BALB/c mice were immunized: 
CO by IM injection with HBsAg (1 \ig) in combination with alum plus CpG oligonucleotide (motif 
# 1 826 , SEQ ID NO . 90) and bo osted at 4 weeks as prime, or by IM inhalation witii HB sAg ( 1 )ig) 
without or in combination with Cholera toxin (CT) and /or CpG oligonucleotide (motif #1826, 

15 SEQ ID NO. 90), or (ii) by IN inhalation with HBsAg (1 ^g) without or in combination wifli 
Cholera toxin (CT) and /or CpG oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 
4 weeks as prime or by IM injection with HBsAg (1 (xg) in combination with alum plus CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90), and 4 weeks after boost mice were killed by 
Halotfaane overdose, sfplenocytes isolated and HBsAg specific CTL activity measured. 

20 

Figure 10 is a bar graph depicting the efEect of diffecenl prime/boost strat^es with 
dififerent adjuvants on HBsAg specific T cell proliferation, wherein BALB/c mice were 
immunized: (i) by IM injection with HBsAg (1 (ig) in combination with alum plus CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 weeks as prime, or by IN 

25 inhalation witii HBsAg (1 without or in combination witii Cholera toxmi (CT) and /or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN inhalation witii HBsAg (1 [ig) 
witiiout or in combination with Cholera toxin (CI) and /or CpG oligonucleotide (motif #1826^ 
SEQ ID NO. 90) and boosted at 4 weeks as prime or by IM injection with HBsAg (1 ^g) in 
combination with alum plus QpG oligonucleotide (motif #1826, SEQ ID NO. 90 ), and 4 weeks 

30 after boost mice were killed by Halotiiane overdose, splenocytes isolated and HBsAg specific T 
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cell proliferation measured. 

Figure 11 is a bar gr^h depicting the effect of different prime/boost strategies with 
different adjuvants on anti-HBs IgA tit^s in lung washes, wherein BALB/c mice were 
umnunized: (i) by IM injection with HBsAg (1 jig) m combination with alum plus CpG 

5 oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 weeks as prime, or by IN 
inhalation with HBsAg (1 ^g) without or in combination with Cholera toxin (CT) and /or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN mhalation with HBsAg (1 jig) 
without or in combination with Cholera toxin (CT) and /or CpG oligonucleotide (motif #1826, 
SEQ ID NO. 90) and boosted at 4 wedcs as prime or by IM injection wth HBsAg (1 ng) in 

10 combmation with alum plus CpG oligonucleotide (motif #1826, SEQ ID NO. 90). Four wedcs 
after boost mice were killed by Halothane overdose and lungs were washed with 1 ml TBS, 



Figure 12 is a bar graph depicting the effect of different prime/boost strategies witii 
differrat adjuvants on anti-HBs IgA titers in saliva, wherein BALB/c mice were immunized: (i) 

15 by IM injection witii HBsAg (1 jig) in combination witii alum plus CpG oligonucleotide (motif 
#1 826, SEQ ID NO. 90) and boosted at 4 weeks as prime, or by IN inhalation with HBsAg (1 ^g) 
wifliout or in combination witii Cholera toxin (CT) and /or CpG oligonucleotide (motif #1 826, 
SEQ ID NO. 90), or Oi) by IN inhalation witii HBsAg (1 \ig) witiiout or in combmation wifli 
Cholera toxin (CT) and /or CpG oUgonucleotide (motif #1 826, SEQ ID NO. 90) and boosted at 

20 4 weeks as prime or by IM injection witii HBsAg (1 jig) m combination with alum plus CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90). Four weeks after boost mice were injected witii 
100 (il 0.5 % Pilocarpme hydrochloride solution and saliva collected. 

Figure 13 is a bar graph depicting the effect of different prime/boost strategies witii 
25 different adjuvants on anti'-HBs IgA titers m fecal pellet solutions, wherein BALB/c mice wot 
immunized: (i) by IM injection witii HBsAg (1 jig) m combination witii alum plus CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 wedcs as prime, or by IN 
inhalation witti HBsAg (1 |ig) without or in combination witii Cholera toxin (CT) and /or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN inhalation wifli HBsAg (1 jig) 
30 witiiout or ia combination wifli Cholera toxm(CT) and /or CpG oUgonuc^ 
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SEQ ED NO. 90) and boosted at 4 weeks as prime or by IM injection with HBsAg (1 ^ig) in 
combination with alimi plus CpG oligonucleotide (motif #1826, SEQ ID NO. 90). Four weeks 
after boost mice were isolated for 24 hr and fecal pellets were co Uected and resuspended in TB S 
at 0.1 mg/ml. 

5 

Brief Description Of The Tables 
Table 1 lists immunostimulatoiy oligonucleotide sequences. 

10 Table 2 lists the effect of different adjuvants on HBsAg-specific antibody isotypes. 

'BALB/c mice were immunized by IN inhalation with HBsAg (1 fig) whhout or in combination 
with Cholera toxin (CT), Escherichia coli heat-labile enterotoxin (LT), the B subunit of Cholera 
toxin (CTB), a detoxified mutant of Escherichia coli heat-labile enterotoxin (LTK63) and/or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) (1 or 10 jig) as adjuvants. 

15 *Values represent the group geometric mean (GMT) of the EUSA end-point dilution titer for 
HBsAg-spedfic IgGl or IgG2a antibodies in plasma taken 4 wk after immunization. Tit^ were 
defined as the highest plasma dilution resulting in an absorbance value two times that of non- 
immune plasma* with a cut-off value of O.OS. 

The IgG2a to IgGl ratios CIgG2adgGl) are reported, with a value >1 indicating a predominantly 
20 Th-1 like response. 

'^/A: Not a^licable since no antibody responses detected. 

' ^: All mice immimized with these adjuvant combinations died within 96 hours. 

Table 3 lists the effect of different adjuvants on HBsAg-specific IgA responses. 

25 'SALB/c mice were immunized by IN inhalation with HBsAg (1 /zg) without or in combination 
with Cholera toxin (CT), Escherichia coll heat-labile enterotoxin (LT), the B subunit of Cholera 
toxin (CTB), a detoxified mutant of Escherichia coli heat-labile enterotoxin (LTK63) and/or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) (1 or 10 (xg) as adjuvants. All groups contamed 
S mice unless otherwise iadicated. 

30 ^Values represent the geometric mean titers ± the standard error of the mean (GMT ± SEM) of 
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the EUSA end-point dilution titer for HBsAg-specific IgA antibodies in lung wash or fecal 
solutions taken 4 wk after immuni2ation. 

IgA titers in lung vrashes were defined as the highest dilution that resulted in an absorbance value 
(OD 450) two times greater than that of non-immune lung wash, with a cut-off value of 0.05. 
5 ''[gA titers in fecal extracts were expressed as OD 450 x 10^ above background (non-immune fecal 
extract). Seroconversion was defined as an endpoint titer for total IgG > 100. 
*=: All mice immunized with these adjuvant combinations died within 96 hours. 

Table 4 shows the different mucosal/parenteral prime boost/strategies used to immunize 
1 0 BALB/c mice and summarizes the results as to which approach iiKiuced antigen-specific systemic 
and mucosal inmiune responses. 

Detailed De scription Of The Invention 
The invention relates to methods and products for inducing immmiity using 

15 immunostimulalory CpG oligonucleotides. One aspect of the mvention is based on the finding 
that CpG oligonucleotides act as a potent mucosal adjuvants to induce inunune responses at both 
local and remote sites gainst an antigra administered to the mucosal tissue. This fincUng is 
striking even in view of previous findings that CpG oligonucleotide is a potent adjuvant for 
systemic delivery, because with systemic delivery the protein alone induces detectable inomune 

20 responses but with nuicosaldeUvery the protein alorie does not ixiduce an iin^ As 
demonstrated in the l^camples below» both systemic and mucosal immimity are induced by 
mucosal delivery of CpG oligonucleotides, llie systemic immunity mduced in response to CpG 
oligonucleotides included both humoral and cell-mediated responses to 5)ecific antigens tiiat were 
not capable of inducing systemic immunity vAica administered alone to the mucosa. 

25 Furthermore, botii CpG oligonucleotides and cholera toxin (CT, a mucosal adjuvant that induces 
aTh2-iike response) induced CTL. This is surprising since wifli systemic immunization, the 
presence of Th2-like antibodies is normally associated witfi a lack of CTL (Sdiirmbeck et 
a/,,1995). 

Additionally, CpG oligonucleotides were found to mduce a mucosal response at both local 
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(e.g.» lung) and ranote (e.g.. Iowa: digestive tract) mucosal sites. Although CpG oligonucleotide 
was similar to CT for induction of systemic antibodies (IgG) and local mucosal antibodies QgAX 
significant levels of IgA antibodies were induced at a distant mucosal site only by CpG 
oligonucleotide and not by CT. This was surprising because CT is generally considered to be a 

5 highly effective mucosal acyuvant Another manner in whidh CpG oligonucleotide was superior 
to CT was with respect to the Th-type of response. As has been previously reported (Snider 
1995), CT induces predominantly IgGl isotype of antibodies, which are indicative of Th2-type 
response. In contrast, CpG oUgonucleotide was more Thl with predominantly IgG2a antibodies, 
especiaUy after boost or "wbsxi the two adjuvants were comUned. Thl-type antibodies in general 

10 have better neutralizing capabilities, and furthermore, a Th2 rei^nse in the lung is highly 
undesirable because it is associated with asthma (Kay, 1996, Hogg, 1997). Thus the use of CpG 
oligonucleotide as a mucosal adjuvant has benefits that other mucosal adjuvants cannot achieve. 

The discovery of CpG oligonucleotide as a safe and effective mucosal adjuvant is also 
advantageous because aldioughCT is a highly effective mucosal adjuvant, it is too toxic for use 

15 in humans. A mouse (-20 g body weight) can tolerate the toxic eflfects of up to 10 \ig of CT, 
however a dose as little as 1-5 jig will cause severe diarrhea in a human ("-70 kg body weight) 
(Jolbom et al, 1992). Animals inhalit^ CpG oligonucleotide showed no short-term signs of 
distress over those receiving HBsAg alone, and all recovered quickly with no apparent long- 
lasting effects. CpG oligonucleotide is well tolerated at very high doses (e.g., greater than 100 

20 ^g), when delivered systemically or mucosally. 

Thus in one aspect the inv^on is a method for inducing a mucosal inunune response in 
a subject The method includes the step of administering to a mucosal sur&ce of a subject an 
effective amount for inducing a mucosal inunune response of an oligonucleotide, having a 
sequence including at least the following formula: 

25 5'XiX2CGXjX4 3' 

Mdierein C and G are unmethylated, wherein Xi^Xj, X3, and X4 are nucleotides, and exposing the 
subject to an antigen to induce the mucosal immune response. In oth^ aspects the mefliod 
involves administering a plasmid vector, having a sequ^ce including at least the above fommla 
instead of the oligonucleotide. The oligonucleotide, referred to herem as ttie oligonucleotide or 

30 the CpG oligonucleotide, is not a plasmid vector. These distinctions are made clear in the 
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definitions set forth below. For purposes of brevity, the invention is described herein with respect 
to CpG oligonucleotides, but the description also ^plies to plasmid vectors. 

The CpG oligonucleotide is particularly useful as a prophylactic vaccine for the induction 
of mucosal immunity of a su1:^ect at risk of developing an infection with an infectious organism 

5 or a subject at risk of developing an allergy or cancer. A "subject at risk" as used herein is a 
subject v/ho has any risk of exposure to an infection causing infectious pathogen or an alletgoa 
or of developing cancer. For instance, a subject at risk may be a subject who is platming to travel 
to an area v/here a particular type of infectious agent or allergen is found or it may be a subject 
who through lifestyle or medical procedures is exposed to bodily fluids which may contain 

10 infectious organisms or even any subject living in an area that an mfectious organism or an 
allergen has been identified. Subjects at risk of developing infection also include general 
populations to which a medical agency recommHids vaccination with a particular infectious 
organism antigea ffihe antigen is an allergen and the subject develops allergic responses to that 
particular antigen and the subject is exposed to the antigen, i.e., during pollen season, then that 

15 subject is at risk of exposure to the antigen. Subjects at risk of developing cancer include those 
with a genetic predisposition or previously treated for cancer, and those exposed to carcinogens 
such as tobacco, asbestos, and other chemical toxins or excessive sunlight and other types of 
radiation. 

In addition to the use of tiie CpG oligonucleotide for prophylactic treatment, the invention 
20 also encompasses the use of the CpG oligonucleotide for the treatmCTit of a subject having an 
infection, an allergy or a cancer. 

A "subject having an infection" is a subject that has been exposed to an infectious 
pathogen and has acute or chronic detectable levels of the pathogen in the body. The CpG 
oligonucleotide can be used with an antigen to mount an antigen specific mucosal immune 
25 response that is capable of redudng the level of or eradicating the mfectious pathogen. An 
infectious disease, as used herein, is a disease arising 6x>m the presence of a foreign 
microorganism in the body. It is particularly important to develop effective vaccine strategies and 
treatments to protect the body's muco^ surfaces, which are the primary site of pathogenic cnHy. 
A "subject havmg an all^" is a subject that has or is at risk of developing an allergic 
30 reaction in response to an allergen. An "allei^ refers to acquired hypOTendtivity to a substance 
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(allergea)* Alla:gic conditions include but are not limited to eczema> allergic ifainitis or coiyza, 
hay fever, conjunctivitis, bronchial asthma, urticaria (hives) and food allergies, and other atopic 
conditions. 

Qnrently, allelic diseases are generally treated by die injection of small doses of antigm 
followed by suteequent increasing dosage of antigen. It is believed that this procedure induces 
tolerization to the allergen to prevent further allergic reactions. Tliese methods, however, can 
take several years to be effective and are associated with the risk of side effects such as 
anaphylactic shock. Hie mediodsofthe invention avoid these problems. 

Allergies are generally caused by IgB antibody generation against harmless allergens. The 
cytokines that are induced by mucosal administration of umnethylated CpG oligonucleotides are 
predominantly of a class called TW" (examples are IL-12 and IFN-y) and these induce both 
humoral and cellular immune responses. The types of antibodies associated with a Thl response 
are generally more protective because they have high neutrali2ation and opsonization capabilities. 
The other major type of immune response, vMdi is associated with the production of IL-4, TLrS 
and EL-IO cytokines, is termed as Th2 immune response. 1112 responses involve ^lely antibodies 
and these have less protective effect against infection and some Th2 isotypes (e.g^ IgE) are 
associated with allergy. In g^ieral, it app^irs that allergic disease are mediated by 11i2 type 
immune responses indule Thl responses provide the best protection against infection, although 
excessive Thl responses are associated witii autoimmune disease. Based on the ability of the 
CpG oligonucleotides to shift the immune respo]3se in a subject from a Th2 (whidi is associated 
with production of IgE antibodies and allergy) to a Thl response (which is protective against 
allergic reactions), an effective dose for inducing a mucosal immune response of a CpG 
oligonucleotide can be administered to a subject to treat or prevent an allergy. 

Thus, the CpG oligonucleotide has significant Ifaeraqpeutic utility in the treatment of 
allergic conditions such as asthma. Th2 cytokines, especially IL^ and IL-S are elevated in the 
airways of asthmatic subjects. These cytokines promote important aspects of tiie asthmatic 
inflammatory response, including IgE isotope switching, eosinophil chemotaxis and activation 
and mast cell growth. Thl cytokines, especially IFN-y and IL-12, can suppress the forniation of 
11i2 clones and production of Th2 cytokmes. "Asthma" refers to a disorder of the respiratory 
syst^ characterized by inflammation, narrowing of the airways and inoeased reacti^ty of the 
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airw^s to inhaled agmts. Asthma is frequently, although not exclusively associated with atopic 
or allergic symptoms. 

A "subject having a cancer" is a subject that has detectable cancerous cells. The cancer 
may be a m al ign a nt or non-malignant cancer. Cancers or tumors include but are not limited to 
biliary tract cancer; brain cancor; breast cancer; cervical cancer; choriocarcinoma; colon cancel^ 
endometrial cancer; esophageal cane©:; ^stric cancer, intraq)ithelial neoplasms; lymphomas; 
liver cancer; lung cancer (e.g. small cell and non-small cell); melanoma; neuroblastomas; oral 
cancer; ovarian cancei; pancreas cancer; prostate cancer; rectal cancer; sarcomas; skin cancer; 
testicular cancer, thyroid cancer; and renal cancer, as well as other carcinomas and sarcomas. 

A "subject" shall mean a human or vertebrate animal including but not limited to a dog, 
cat, horse, cow, pig, sheqp, goat, chicken, primate, e.g., monkey, fish (aquaculture species), e.g, 
salmon, rat, and mouse. 

A CpG oligonucleotide is an oligonucleotide which includes at least one unmethylated 
CpG dinucleotide. An oligonucleotide containing at least one unmethylated CpG dinucleotide 
is a nucleic acid molecule which contains an unmethylated cytosine-guanine dinucleotide 
sequence Cue. "CpG DNA" or DNA containing a 5* cytosine followed by 3' guanosine and linked 
by a phosphate bond) and activates the inomune system. The CpG oligonucleotides can be 
double-stianded or single-stranded. GOTerally, double-stranded molecules are more stable in vivo^ 
while single-stranded molecules have increased immune activity. 

TTie tenns **nucleic acid" and "oligonucleotide" are used interdiang^ly to mean multiple 
nucleotides (Le. molecules comprising a sugar (e.g. ribosc or deoxyribose) linked to a phosfAate 
group and to an exdiaugeablc organic base, which is either a substituted pyrimidine (e.g, cytosine 
(C), thymme (T) or uracil (U)) or a substituted purine (e.g. adenine (A) or guanine (G)). As used 
herein, the terms refer to oligoribonucleotides as well as oligodeoxyribonucleotides. The terms 
shall also include polynucleosides (i.e. a polynucleotide mums the phosphate) and any othw 
organic base containing polymer. Nucleic acid molecules can be obtained from existing nucleic 
acid sources (e.g. genomic or cDNA), but ar^s preferably syntiietic (e.g. produced by 
oligonucleotide synfliesis), Tlie entire CpG oligonucleotide can be unmetfiylated or portions may 
be unmethylated but at least the C of the 5' CO 3* must be unmeliiylated. 

Hie methods of flie invention may be accomplished by administ^ing a CpG containmg 



wo 99/61056 PCT/US99/113S9 

-19- 

oligonucleotide or a CpG containing plasmid vector to the subject to induce a mucosal inunune 
le^xMise. As used herein the tenns a "CpG oligonucleotide*' and a *'plasmid expression vector^ 
are mutually occlusive. The terms "CpG oligonucleotide" or "CpG nucldc acid" are used to refer 
to any CpG containing nucleic acid except for a CpG containing plasmid vector. A plasmid 

5 expression vector is a nucleic acid molecule which includes at least a promoter and a gene 
encoding a peptide or peptide fragment The plasmid expression vector includes a nucleic acid 
sequence encoding the peptide \^ch is operatively linked to a gene expression sequence vAdch 
directs the expression of the peptide within a eukaryotic cell. The ''gene expression sequence" 
is any regulatoiy nucleotide sequence, such as a promote sequence or promoter-enhancer 

10 combination, which &cilitates the efficient transcription and translation of the peptide to which 
it is operatively linked. The gene expression sequence may, for example, be a mflmTnnlinn or 
viral promoter, such as a constitutive or inducible promoter. Such constructs are well known to 
those of skill in the art 

In one preferred embodiment the invention provides a CpG oligonucleotide represented 

15 by at least the formula: 

SWjXiCGXjNjy 

wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 
thymine; Xj is cytosine, adenine, or thymine; N is any nucleotide and N, and are nucldic 
acid sequence composed of from about 0-25 N's each. 
20 In another embodiment the invention provides an isolated CpG oligonucleotide 

represented by at least the formula: 

S-NjXiXaCGX^jS' 

wherein at least one nucleotide separates consecutive CpGs; XiXj are nucleotides selected 
25 from flie groiq) consisting of: GpT, GpG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, 
and TpG; and X3X4 are nucleotide selected from the group consistmg of: TpT, CpT, ApT, 
TpG, ApG, CpG, TpC, ApC, CpC, TpA, ApA, and CpA; N is any nucleotide and N , and Nj 
are nucleic acid sequences composed of from about 0-25 Ws eadi. Preferably XjXj are GpA 
or GpT and X3X4 are TpT. In other preferred embodiments X| or X2 or both are purines and 
30 X3orX4 0rbothaiepyrimidinesorX]X2areGpAandX3orX4orbotharepyriniidines. Ina 
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preferred embodiment N| and N2 of the nucleic acid do not contain a CCGG or CGCG 
quadmerormoreUianoneCCGorCGGtrimer. The effect of a a CCGG or CGCG quadmer 
or more than one CCG or CGG trimer depends in part on the status of the oligonucleotide 
backbone. For instance, if the oligonucleotide has a phosphodiester backbone or a chimeric 

5 backbone the inclusion of these sequences in the oligonucleotide will only have minimal if 
any aJffect on the biological activity of the oligonucleotide. If the backbone is completely 
phosphorothioate or significantly phosphorothioate then the inclusion of these sequences may 
have more influence on the biological activity or the kinetics of the biological acti>dty. In the 
case when the CpG oligonucleotide is administered in conjunction with an antigen which is 

10 encoded in a nucldc acid vector, it is preferred that the backbone of the CpG oligonucleotide 
be phosphodiester or chimeric. It can be completely phosphorothioate if the oligonucleotide 
is delivered directly to the cell The cell may have a problem taking up a completely 
phosphorothioate oligonucleotide in the presence of a plasmid vector. Thus when both a 
vector and an oligonucleotide are delivered to a subject, it is preferred that the oligonucleotide 

15 have a phosphodiester or chimeric backbone or have a phosphorothioate backbone but be 
associated with a vehicle that delivers it directly into the cell. Such vehicles are known in the 
ait and include, for example, liposomes and gene guns. 

In another preferred embodiment the CpG oligonucleotide has the sequence 
5TCN,TX,X2CGX3X43'. 

20 Preferably the CpG oUgonudeotidesoftiie invention include XiXjsdecte^ 

group consisting of GpT, GpG, GpA and ApA and X3X4 is selected ftom the group consisting 
of TpT, CpT and TpC. For fecilitating uptake into cells, CpG containing oligonucleotides are 
jroferably in the range of 8 to 30 bases in length. However, nucleic acids of any size greater 
than 8 nucleotides (even naany kb long) are capable of inducing an immune response 

25 according to the invention if suflBdent immunostimulatory motifs are present, since larger 
nucleic acids are degraded into oligonucleotides inside of cells. Preferred synthetic 
oligonucleotides do not include a CCGG or CGCG quadmer or more tiian one CCG or CGG 
trimer at or near the 5' and/or 3 ' terminals. Stabilized oligonucleotides, where the 
oligonucleotide incorporates a phosphate backbone modification, as discussed in more detail 

30 below are also prefOTed The modification may be, for example, a phosphorothioate or 
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phosphorodithioate modification. Preferably, the phosphate backbone modification occurs at 
the 5' end of the nucleic acid for example, at the first two nucleotides of the 5' end of the 
oligonucleotide. Further, the phosphate backbone modification may occur at the 3 ' end of the 
nucleic acid for example, at the last five nucleotides of the 3 ' end of the nucleic acid. 

5 Ahematively the oligonucleotide may be completely or partially modified. 

Preferably the CpG oligonucleotide is in the range of between 8 and 100 and more 
preferably between 8 and 30 nucleotides in size. Alternatively, CpG oligonucleotides can be 
produced on a kirge scale in plasmids and degraded into oligonucleotides. 

The CpG oligonucleotide may be directly administered to the subject or may be 

1 0 administeied in coiy unction with a nucleic acid delivery complex. A "nucleic acid delivery 
complex** shall mean a nucleic acid molecule associated with (e.g. ionically or covalentiy 
bound to; or encapsulated within) a targeting means (e.g. a molecule that results in higher 
afBnity binding to target cell (e.g. dendritic cell surfaces and/or increased cellular uptake by 
target cells). Examples of nucleic add delivery complexes include nucleic acids associated 

15 with: a sterol (e.g. cholesterol), a lipid (e.g. a cationic lipid, virosome or liposome), or a target 
cell specific bmding agent (e.g. a ligand recognized by target cell specific receptor). Preferred 
complexes may be suflBcientiy stable in vivo to prevent significant uncoupling prior to 
intonalization by the target cell. However, the complex can be cleavable under tq)propriate 
conditions witiiin the cell so that the nucleic acid is released in a functional fomou 

20 DeUv^veMclesfi}rdeUveririg antigen to mucosal sur&ces have been desmbed. The 

CpG oligonucleotide and/or the antigen may be administered alone (e.g. in saline or bxiffer) or 
using any delivery vehicles known in the art For instance the following delivery vehicles 
have been described: Cochleates (Gould-Fogcrite et al., 1994, 1996); Emulsomes (Vancott et 
al., 1998, LoweU et al., 1997); ISCOMs (Mowat et al., 1993, Carlsson et al^ 1991, Hu et, 

25 1998, Morein et aL, 1999); Liposomes (Child^s et al., 1999, Michalek et al., 1989, 1992, de 
Haan 1995a, 1995b); Live bacterial vectors (e.g., Salmonella, Escherichia colU Bacillus 
calmatte-guerin. Shigella, Lactobacillus) (Hone et al., 1996, Pouwels et aL, 1998, Chatfield et 
at, 1993, Stover ^ al., 1991, Nugent et al., 1998); Live viral vectors (e.g.. Vaccinia, 
adenovirus. Herpes Simplex) (Gallichan et al., 1993, 1995, Moss et al., 1996, Nugent et al,, 

30 1998, Flexner et al., 1988, Morrow et al., 1999); Mittospheres (Gupta et al., 1998, Jones et 



wo 99/61056 PCTAJS99/n359 

-22- 

al., 1996, Maloy et al., 1994, Moore et al., 1995, 0'Hagan et al., 1994, Eldridge et al,, 1989); 
Nucleic acid vaccines (Fynan et al„ 1993, Kuklin et al., 1997, Sasaki et al., 1998, Okada et al., 

1997, Ishu et al., 1997); Polymers (e,g. carboxymethylcellulosc, chitosan) (Hamajima et al., 

1998, Jabbal-GiU et al., 1998); Polymer rings (Wyatt et al., 1998); Proteosomes (Vancott et 
al., 1998, Lowell et al,, 1988, 1996, 1997); Sodium Fluoride (Hashi et al., 1998); Transgenic 
plants (Tacketetal,, 1998, Mason etal., 1998, Haqetal„1995); Virosomes(Glucketal., 
1992, Mengiardi et al., 1995, Cryz et al., 1998); Virus-like particles (Jiang et al„ 1999, Leibl 
et al., 1998). Other delivery vehicles are known in the ait and some additional examples are 
provided below in the discussion of vectors. 

"Palindromic seqi^ce" shall mean an inverted rqjeat (i.e. a sequence such as 
ABCDEE'D'CB'A' in vMch A and A' are bases capable of forming the usual Watson-Crick 
base pairs. In vivo, such sequences may form double-stranded stmctures. In one embodun^t 
the CpG oligonucleotide contains a palindromic sequence. A palindromic sequence used in 
this context refers to a palindrome in vAdch the CpG is part of the palindrome, and preferably 
is the center of the palindrome. In another embodiment the CpG oligonucleotide is fiee of a 
palindrome. A CpG oligonucleotide that is free of a palindrome is one in which the CpG 
dinucleotide is not part of a palindrome. Such an oligonucleotide may mclude a palmdrome 
in which the CpG is not part of the palindrome. 

A "stabilized nucleic acid molecule" shall mean a nucleic acid molecule that is 
relatively resistant to in vtvo degradation (e.g. via an exo- or endo-nuclease). Stabili2alion can 
be a fimction of length or secondary structure. Unmethylated CpG oligonucleotides that arc 
tens to hundreds of kbs long are relatively resistant to in vivo degradation. For shorter CpG 
oligonucleotides, secondaiy structure can stabilize and increase theb effect For cxan^le, if 
the 3 ' end of an oligonucleotide has selfKx>mplementarity to an iqistream region, so that it can 
fold back and form a sort of stem loop stracture, then the oligonucleotide becomes stabilized 
and therefore exhibits more activity. 

Preferred stabilized oligonucleotides of the instant invention have a modified 
backbone. It has been demonstrated that modification oftheoBgonucleotide backbone 
provides enhanced activity of the CpG oligonucleotides when administered m vivo. CpG 
constructs, mcludmg at least two phosphorothioate linkages at the 5' end of the 
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10 



15 



20 



25 



oligonucleotide in multiple phosphorothioate linkages at the 3' end, preferably S, provides 
mflvin^al activity and protected the oligonucleotide from degradation by intracellular exo- and 
endo-nucleases. Other modified oligonucleotides include phosphodiester modified 
oligonucleotide, combinations of phosphodiester and phosphorothioate oligonucleotide, 
methylphosphonate, methylphosphorothioate, phospborodithioate, and combinations thereof. 
Each of these combinations and their particular effects on inmiune cells is discussed in more 
detail in PCX Published Patent Applications claiming priority to U.S. Serial Nos. 08/738,652 
and 08/960,774, filed on October 30, 1996 and October 30, 1997 respectively, tiie entire 
contents of which is hereby incorporated by reference. It is believed tiiat these modified 
oligonucleotides may show more stimulatory activity due to enhanced nuclease resistance, 
increased cellular uptake, inoreased protein binding, and/or altered intracellular localizatioa 

Both phosphorothioate and phosphodiester oligonucleotides containing CpG moti& 
are active m immune ceUs. However, based on the concentration needed to induce CpG 
specific e£Fects, the nuclease r^istant phosphorothioate backbone CpG oligonucleotides are 
more potent (2 /zg/ml for the idiosphorotfaioate vs. a total of 90 /zg/ml for phosphodiester). 

Other stabilized oligonucleotides include: nonionic DNA analogs, such as alkyl- and 
aryl-phosphates (in which the charged phosphonate oxygen is replaced by an alkyl or aiyl 
group), phosphodiester and alkylphosphotriest^ in which the charged oxygen moiety is 
alkylated. Oligonucleotides vMch contain diol, such as tetraetfayleneglycol or 
hexaetfayleneglycol, at eitiier or both termini have also been shown to be substantially 
resistant to nuclease degradation. 

The nucleic add sequences of tiie invention which are useful as mucosal adjuvants are 
those broadly described above and disclosed in PCX Published Patent Applications clainung 
priority to U.S. Serial Nos. 08/738,652 and 08/9iso,774, filed on October 30, 1996 and 
October 30, 1 997 respectively. Exemplary sequences include but are not linuted to those 
inmiunostimulatory sequences shown in Table 1. 



GCTAGACGTTAGCGT; 
GCTAOATGTTAGCGT; 
GCTAGACGITAGCGT; 



(SEQroNO: 1) 
(SEQIDN0:2) 
(SEQIDNO: 3) 
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GCTAGACGITAGCGT; 

GCATGACGTTGAGCT; 

ATGGAAGGTCCAGCGTTCTC; 

ATCGACTCTCGAGCGTTCTC; 
5 ATCGACTCTCGAGCGTTCTC; 

ATCGACTCTCGAGCGTTCTC; 

ATGGAAGGTCCAACGTTCTC; 

GAGAACGCTGGACCTTCCAT; 

GAGAACGCTCQACCTTCCAT; 
10 GAGAACGCTCGACCTTCGAT; 

GAGAACGCTGGACCTTCCAT; 

GAGAACGATGGACCrrCCAT; 

GAGAACGCTCCAGCACTGAT; 

TCCATGTCGGTCCTGATGCT; 
15 TCCATGTCGGTCCTGATGCT; 

TCCATGACGTTCCTGATGCT; 

TCCATGTCGGTCCTGCTGAT; 

TCAACGTT; 

TCAOCGCT; 
20 TCATCGAT; 

TCTTCGAA; 

CAACGTT; 

CCAACGTT; 

AACGITCT; 
23 TCAACGTC; 

ATGGACTCTCCAGCGTTCTC; 

ATGGAAGGTCCAACGTTCTC; 

ATCGACTCTCGAGCGTTCTC; 

ATGGAGGCTCCATCGTTCTC; 
30 ATCGACTCTCGAGCGTTCTC; 

ATCGACTCTCGAGCGTTCTC; 

TCCATGTCGGTCCTGATGCT; 

TCCATGCCGGTCCTGATGCT; 

TCCATGGCGGTCCTGATGCT; 
35 TCCATQACGGTCCTGATGCT; 

TCCATGTCGATCCTGATGCT; 

TCCATGTCGCTCCTGATGCT; 

TCCATGTCGTCCCTGATGCT; 

TCCATGACGTGCCTGATGCT; 
40 TCCATAACGTTCCTGATGCT; 

TCCATGACGTCCCTGATGCT; 

TCCATGACGTGCCTGATGCT; 

GGGGTCAACGTTGACGGGG; 

GGQGTCAGTCGTGACGGGG; 
45 GCTAGACGTTAGTGT; 
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(SEQIDN0:4) 
(SEQIDN0:5) 
(SEQIDNO:6) 
(SEQIDNOrT) 
(SEQIDNO: 8) 
(SEQIDN0:9) 
(SEQIDNO: 10) 
(SEQIDNO: 11) 
(SEQIDNO: 12) 
(SEQIDNO: 13) 
(SEQIDNO: 14) 
(SEQIDNO: 15) 
(SEQIDNO: 16) 
(SEQIDNO: 17) 
(SEQIDNO: 18) 
(SEQIDNO: 19) 
(SEQIDNO: 20) 
(SEQIDNO: 21) 
(SEQIDNO: 22) 
(SEQIDNO: 23) 
(SEQIDNO: 24) 
(SEQIDNO: 25) 
(SEQIDNO: 26) 
(SEQIDNO: 27) 
(SEQIDNO: 28) 
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(SEQ ID NO: 42) 
(SEQ ID NO: 43) 
(SEQ ID NO: 44) 
(SEQ ID NO: 45) 
(SEQ ID NO: 46) 
(SEQ ID NO: 47) 
(SEQ ID NO: 48) 
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TCCATGTCGTTCCTGATGCT; 

ACCATGGACGATCTGTTTCCCCTC; 

TCTCCCAGCOTGCGCCAT; 

ACCATGGACGAACTGnrCCCCTC; 
5 ACCATGGACGAGCTGnrCCCCTC; 

ACCATGGACGACCTGTrTCCCCTC; 

ACCATGGACGTACTGTrTCCCCTC; 

ACCATGGACGGTCTGnTCCCCTC; 

ACCATGGACGTTCTGTTTCCCCTC; 
10 CACGTTGAGGGGCAT; 

TCAGCGTGCGCC; 

ATGACGTTCCTGACGTT; 

TCTCCCAGCGGGCGCAT; 

TCCATGTCGTTCCTGTCGTT; 
15 TCCATAGCGTTCCTAGCX}Tr; 

TCGTCGCK5TCTCCCCITCTT; 

TCCTGACGTTCCTGACGTT; 

TCCTGTCGTTCCTGTCGTT; 

TCCATGTCGTnTTGTCGTT; 
20 TCCTGTCGTTCCTTGTCGTT; 

TCCTTGTCGTTCCTGTCOTT; 

TCCTGTCGTTTTTTGTCGTT; 

TCGTCGCTGTCTGCCCTTCTT; 

TCGTCGCTGTrGTCGTTTCTT; 
25 TCCATGCGTGCGTGCGTTTT; 

TCCATGCGTTGCGTTGCGTT; 

TCCACGACOTnTCGACGTT; 

TCGTCQTrGTCGTTGTCGTT; 

TCGTCGTTTTGTCGTTTTGTCGTT; 
30 TCGTCGTTGTCGTnTGTCGTT; 

GCGTGCGTTGTCGTTGTCGTT; 

TGTCGTTTGTCGTTTGTCGTT; 

TGTCXJTIXjTCGTTGTCGTTGTCQTr; 

TGTCGTTGTCGTTGTCGTT; 
35 TCGTOCiTCGTCCnT: 

TGTCGTTGTCGTT; 

TCCATAGCGTTCCTAGCGTT; 

TCCATGAOGTTCCrOACGTr, 

GTCGYT; 
40 TGTCGYT; 

AGCTATGACGTTCCAAGG; 

TCCATGACGTrcCTOACGTT; 

ATCGACTCTCGAACGTTCTC; 

TCCATGTCGGTCCTGACGCA; 
45 TCTTCGAT; 

ATAGGAGGTCCAACGTTCTC; 



(SEQIDNO:49) 
(SEQIDNO: 50) 
(SEQIDN0:51) 
(SEQIDNO: 52) 
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The stimuktion index of a particular immunostimulatory CpG DNA can be tested in 
various immune cell assays. Preferably, the stimulation index of the CpG oUgonucleotide 
with regard to B cell proliferation is at least about 5, preferably at least about 10, more 
preferably at least about 1 5 and most preferably at least about 20 as determined by 

5 incorporation of uridine in a murine B cell culture, which has been contacted with 20 \iM 
of oligonucleotide for 20h at 37°C and has been pulsed with 1 jiCi of uridine; and 
harvested and counted 4h later as desCTibed in detail in PCT Published Patent Applications 
clahning priority to U.S. Serial Nos. 08/738,652 and 08/960,774, filed on October 30, 1996 
and October 30, 1997 respectively. For use in vivo, for example, it is important that the CpG 

10 oligonucleotide be capable of effectively inducing IgA eaqjression. 

The CpG oligonucleotide can be administ^ed m conjunction with anotiber mucosal 
adjuvant It was discovered according to the invention that the combination of a CpG 
oligonucleotide and a mucosal adju^\^t produced a synergistic immune response. When the 
CpG oligonucleotide is administered in conjunction with another adjuvant, the CpG 

1 5 oligonucleotide can be administered before, after, and/or simultaneously with the other 

mucosal adjuvant For instance, the CpG oligonucleotide may be administeied with a priming 
dose of antigen. Either or both of the adjuvants may then be administered with tiie boost dose, 
Altraiatively, the CpG oligonucleotide may be administered with a boost dose of antigen. 
Eitiier or both of the adjuvants may tiien be administered with the prime dose, 

20 Additionally it has been discovered that mucosal immunity can be induced as long as 

one of the dosages of CpG oligonucleotide is administered to a mucosal surfece. Other doses 
can be administered systemically or mucosally without affecting the mduction of the immune 
response. For example, the subject may be primed by mucosal delivery of antigen and CpG 
oligonucleotide, with or without other mucosal adjuvants and boosted by a parenteral (e.g,, 

25 intramuscular, intradennal or subcutaneous) route of delivery of antigen alone, with CpG 

oUgonucleotides, witii a nonM)ligonucleotide adjuvant or a combination of adjuvants that may 
or may not include CpG oligonucleotide. Alternatively, the prime dose may be given 
pairaterally and boosted mucosally using the invention. All of th^ epproaches can induce 
strong systemic and mucosal inamune responses. Thus the methods of the invention 

30 encompass ttie administration of at least one dose, either prime or boost or both, to the 
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mucosal sur&ce. The other doses of CpG oligoniicleotide may be administered mucosally or 
systemically. 

A "prime dose" is the first dose of antigen administered to the subject In the case of a 
subject that has an infection the prime dose may be the initial e)q)osure of the subj ect to the 
infectious microbe (passive exposure) and thus the subsequent purposeful adnunistmtion of 
antigen (active exposure) witii CpG oligonucleotide becomes the boost dose. A "boost dose'* 
is a second or third, etc, dose of antigen admimstered to a subject that has already been 
exposed to the antigen. In some cases the prime dose administered with the CpG 
oligonucleotide is so effective that a boost dose is not required to protect a subject at risk of 
infection fiom being infected. 

The subject is exposed to the antigen. As used herein, the tenn "exposed to" refers to 
either the active step of contacting the subject with an antigen or the passive exposure of the 
subject to the antigen in vivo. Methods for the active exposure of a subject to an antigen are 
well-known in the art In general, an andgen is administered dn^ctly to the subject by any 
means such as intravenous, intramuscular, oral, transdermal, mucosal, intranasal, intratracheal, 
or subcutaneous administradoiL The antigen can be administered systemically or locally. 
Methods for administering the antigen and the CpG oligonucleodde are d^cribed in more 
detail below. A subject is passively exposed to an antigen if an antigen becomes available for 
exposure to the immune cells in the body. A subject may be passively exposed to an antigen, 
for instance, by entry of a foreign pathog^ into the body or by the development of a tumor 
cell expressing a foreign antigra on its sur&ce. When a subject is passively exposed to an 
antigen it is preferred in some embodim^ts that the CpG oligonucleotide is an 
oligonwleotide of 8-1 00 nucleotides in length and/or has a phosphate modified backbone. 

The methods in which a subject is passively exposed to an antigen can be particularly 
dependent on timing of CpG oligonucleotide. For instance, in a subject at risk of developing a 
cancer or an infectious disease or an allergic or asthmatic response, the subject may be 
administered the CpG oligonucleotide on a regular basis when that risk is greatest, Le., during 
allergy season or after exposure to a cancer causing agent Additionally the CpQ 
oligonucleotide may be administered to travelers before ibey travel to foreign lands where 
they are at risk of exposure to infectious agents. Likewise the CpG oligonucleotide and may 



If 
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be administered to soldiers or civilians at risk of exposure to bio warfare to induce a mucosal 
immune response to the antigen Aviien and if the subject is exposed to it 

An "antigen" as used herein is a molecule capable of provoking an immxme response. 
Antigens include but are not limited to cells, cell e3Ctracts, proteins, polypeptides, peptides, 

5 polysaccharides, polysaccharide conjugates, peptide mimics of polysaccharides, lipids, 
glycoiipids, carbohydrates, viruses and viral extracts and muticellular organisms such as 
parasites and allergens. The term antigen broadly includes any type of molecule which is 
recognized by a host umnune system as being foreign. Antigens include but are not lunited to 
cancer antigens, microbial antigens, and allergens. 

10 A "cancer antigen" as used herein is a compound, such as a peptide or protein, 

associated with a tumor or cancer cell surface and which is capable of provokiag an immune 
response v/hsa expressed on the surface of an antigen presenting cell in the context of an 
MHC molecule. Cancer andgens can be prepared fiom cancer cells either by preparing crude 
extracts of cancer cells, for example, as described in Cohen, et al., 1994, Cancer Research, 

15 54: 1 055, by pardally pinifying the antigens, by recombinant technology, or by de novo 
synthesis of known antigens. Cancer antigens include antigens that are recombinately an 
immunogenic portion of or a whole tumor or cancer. Such antigens can be isolated or 
prepared recombinately or by any other means known in the art 

A "microbial antigen" as used herein is an antigen of a microorganism and includes 

20 but is not limited to infectious virus, infectious bacteria, infectious parasites, and infectious 
fungi. Such antigens include the intact microorganism as well as natural isolates and 
fragments or derivatives thereof and also synthetic compounds v^ch are identical to or 
similar to natural nucroorgaiiism antigeiis arid induce an ixxmiune respoi^ 
microorganism. A compound is similar to a natural microorganism antigen if it induces an 

25 iinmurierespoiise(humordand/orceUular)toanaturdmicroorgaiiismantigeiL Such 

antigens are used routiiiely in the art aod are well known to those of ordinary skill inihe art 

Examples of infectious virus that have been found m humans include but are not 
limited to: Retraviridae (e.g. human immunodeficiency viruses, such as HIV-1 (also referred 
to as HTLV-ra, LAV or HTLV-m/LAV, or fflV-ni; and other isolates, such as HTV-LP; 

30 Picornaviridae (e.g. polio viruses, hqmtitis A virus; enteroviruses, human Coxsackie viruses. 
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rhinoviruses, echoviruses); Ccdcmridae (e.g. strains that cause gastroenteritis); Togaviridae 
(e,g. equine encephalitis viruses, rubella viruses); Flaviridae (e.g. dengue viruses, encqshalitis 
viruses, yellow fever viruses); Coronoviridae (e.g, coronavinises); Rhabdoviradae (e.g. 
vesicular stomatitis viruses, rabies viruses); Coronoviridae (e.g. coronavinises); 
5 Rhabdoviridae (e.g. vesicular stomatitis viruses, rabies viruses); Filoviridae (e.g. ebola 

viruses); Paramyxaviridae (e.g. parainfluenza viruses, mimips virus, measly virus, respu:atory 
syncytial virus); Orthomyxoviridae (e.g. influenza viruses); Btmgaviridae (e.g, Hantaan 
viruses, bunga viruses, phleboviruses and Nairo viruses); Arena viridae (hemorrhagic fev^ 
viruses); Reoviridae (e.g. reoviruses, orbiviurses and rotaviruses); Birriaviridae; 
10 Hepadnaviridae (Hepatitis B virus); Parvovirida (parvoviruses); Papovaviridc^ (papilloma 
vkuses, polyoma viruses); Adenaviridae (most adenoviruses); Herpesviridae Obierpes simplex 
virus (HSV) 1 and 2, varicella zoster virus, cytomegalovirus (CMV), herpes virus; Pcxnridae 
(variola viruses, vaccinia viruses, pox viruses); and Iridaviridae (e.g. African swine fever 
virus); and unclassified viruses (e.g. the etiological agents of Spongiform encephalopathies, 
15 the agent of delta hepatitis (thought to be a defective satellite of hepatitis B virus), the agents 
of non-A, non-B hepatitis (class 1 - internally transmitted; class 2 - parent^rally transmitted 
(i.e. Hepatitis C); Norwalk and related viruses, and astroviruses). 

Both gram negative and gram positive bacteria serve as antigens in vertebrate animals. 
Such gram positive bacteria include, but are not limited to Pasteurella species, Staphylococci 
20 spod^sSj mi Streptococcus Bp&Aes. Gram negative bacteria include, but are not limited to, 
Escherichia coli^ Pseudomonas species, and Salmonella species. Specific examples of 
infectious bacteria include but are not limited to: Helicobacter pyloris^ Borelia btirgdorferi, 
Legionella prmsmophilia^ hfycobacteria sps (e.g. M tuberculosis^ M. avium^ M 
intracelltdare^ M kansaii, M gordonae)^ Stcphylococcus aureus^ Neisseria gonorrhoeae^ 
25 Neisseria meningitidis^ Listeria monocytogenes^ Streptococcus pyogenes (Group A 

Streptococcus), Streptococcus agalactiae (Group B Streptococcus), Streptococcus (viridans 
group). Streptococcus faecalis^ Streptococci bavis. Streptococcus (anaerobic sps.), 
Streptococcus pneumoniae^ pathogenic Campylobacter sp.^ Enterococcus sp.^ Haemophilus 
influenzae^ Bacillus caitracis^ corynebacterium diphtheriae^ corynebacterium sp., 
30 Erysipelothrix rhusiopathiae^ Clostridium perfringers^ Clostridium tetania Enterobacter 
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aerogeneSj Klebsiella pneumoniae, Pasturella multocida^ Bacteroides sp,, Fusobacterium 
nucleatumy SireptobacUlus moniliformis, Treponema pallidium, Treponema pertenue, 
Leptospira, Rickettsia, Actinomyces israelii. 

Examples of infectious fungi include: Cryptococcus neoformans, Histoplasma 

5 capstdatum, Coccidioides imnutis, Blastomyces dermatitidis, Chlamydia trachomatis, 
Candida albicans. Other infectious organisms (le., protists) include: Plasmodium such as 
Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, and Plasmodium vivax 
Toxoplasma gondii. 

Other medically relevant microorganisms have been descried extensively in the 

10 literature, e.g., see C,G A Thomas, Medical Microbiology, Bailliere Tindall, Great Britain 
1 983, the entire contents of >^ch is hereby incorporated by reference. 

Although many of the microbial antigens described above relate to human disorders, 
the invention is also usefiil for trealii^ other nonhuman vertebrates. Nonhuman vertebrates 
are also capable of developing infections which can be prevented or treated with the CpG 

1 5 oligonucleotides disclosed herein. For instance, in addition to the treataient of infectious 
human diseases, the mediods of the invention are useful fortreating infections of animials. 

As used herein, ±e tenn "treat'',"treated", or "treating" vAigsx used with respect to an 
infectious disease ref^s to a prophylactic treatment which increases the resistance of a subject 
(a subject at risk of infection) to infection with apathogen or, in other words, decreases the 

20 likelihood that the subj ect will become infected with tiie pathogen as well as a treatment after 
the subject (a subject \^dio has been infected) has become infected in order to fight the 
infection, e.g., reduce or eliminate tiie infection or prevent it fiom becoming worse. 

Many vaccines for the treatment of non-human vertebmtes ate disclosed in Bermett, K. 
Compendium of Veterinary Products, 3rd ed. North American Compendiums, Inc^ 1995, As 

25 discussed above, antigens include infectious microbes such as virus, bacteria and fungi and 
fiagments thereof^ derived fiom natural sources or synthetically. Infectious virus of both 
human and non-hinnan vertebrates, include retroviruses, RNA viruses^ Tliis 
group of retroviruses includes both simple retroviruses and complex retroviruses. The simple 
retroviruses inclxide the subgroups of B-type retroviruses, C-type retroviruses and D-type 

30 retroviruses. An example of a B-type retn>vinis is mouse mairmiary tumor vinis(MMTV). 
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The C-type retroviruses include subgroups C-type group A (including Rous sarcoma virus 
(RSV), avian leukemia virus (ALV), and avian myeloblastosis virus (AMV)) and C-type 
gro\^ B (including murine leukemia virus (MLV), feline leukemia virus (FeLV), murine 
sarcoma virus (MSV), gibbon ape leukemia virus (GALV), spleen necrosis virus (SNV), 

5 reticuloendotheliosis virus (RV) and simian sarcoma virus (SSV)). The D-type retroviruses 
include Mason-Pfizer monkey virus (MPMV) and simian retrovirus type 1 (SRV-1). The 
complex retroviruses include the subgroiQ>s of l^itiviruses, T-cell leukemia viruses and the 
foamy viruses. Lentivinises include HIV-1, but also include HIV-2, SIV, Visna virus, feline 
iinmunodeficiency virus (FIV), and equine iiifectious anemia virus (EIAV). The T-cell 

10 leukemia viruses include HTLV-1, HTLV-II, sunian T-cell leukemia virus (STLV), and 

bovine leukemia virus (BLV). The foamy viruses include human foamy virus (HFV), simian 
foamy virus (SFV) and bovine foamy virus (BFV). 

Examples of other KNA viruses that are antigens in vertebrate animals include, but are 
not limited to, the following: members of the &mily Reoviridae, including the genus 

15 Orthoreovirus (multiple serotypes of both mammalian and avian retroviruses), the g^us 
Orbivirus (Bluetongue virus, Eugenangee virus, Kemerovo virus, African horse sidcness 
virus, and Ck)lorado Tick Fever virus), the genus Rotavirus (human rotavirus, Nebraska calf 
dianiiea virus, murine rotavirus, simian rotavirus, bovine or ovine rotavirus, avian rotavirus); 
tiie &mily Picomaviridae, including the gems Enterovirus (poliovirus, Ck)xsackie virus A and 

20 B, enteric cytopathic human orphan (ECHO) viruses, hepatitis A virus, Simian enteroviruses. 
Murine encq)halomyelitis (ME) viruses, Poliovirus muris. Bovine enteroviruses. Porcine 
enteroviruses » the genus Cardiovinis (Encephalomyocarditis virus (EMC), Mengovirus), the 
geims Rhinovirus (Human ifainoviruses including at least 113 subtypes; other ifainovuruses), 
the genus Apthovirus (Foot and Mouth disease (FMDV); the &mily Calciviridae, including 

25 Vesicular exanthema of swine virus, San Miguel sea lion virus. Feline picomavirus and 
Norwalk virus; the &mlly Toga^dridae, including the grams Alphavirus (Eastern equine 
encephalitis virus, Semliki forest virus, Sindbis virus, C3iikungunya virus, 0*Nyong-Nyong 
virus, Ross river virus, Venezuelan equine encephalitis virus. Western equine encephalitis 
virus), the genus Flavirius (Mosquito borne yellow fev^ virus, Dengue virus, Japanese 

30 encq>halitis virus, St Louis encephalitis virus, Murray Valley encephalitis virus. West Nile 
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virus, Kunjin virus, Central European tick bome vims. Far Eastern tick borne virus, Kyasanur 
forest virus, Loiq)ing III virus, Powassan vims, Omsk hemoirhagic fever virus), the genus 
Rubivirus (Rubella virus), the genus Pestivirus (Mucosal disease virus, Hog cholem vims. 
Bolder disease vims); the femily Bunyaviridae, including the genus Bunyvirus (Bunyamwera 

5 and related viruses, California encephalitis group viruses), the genus Phlebovirus (Sandfly 
fever Sicilian virus, Rift Valley fever virus), the genus Nairovims (Crimean-Congo 
hemorrhagic fever virus, Nairobi sheep disease virus), and the genus Uufcuvirus (Uukuniemi 
and related viruses); the fiEiniily Or&omyxoviridae, includmg the genus Influenza virus 
(Influenza wus type A, many human subtypes); Swine influenza virus, and Avian and Equine 

10 Influenza vuuses; influenza type B (many human subtypes), and influenza type C (possible 
separate genus); the fanily paramyxoviridae, includmg the genus Paramyxovirus 
(Parainfluenza vims type 1, Sendai virus, Hemadsorption virus, Parainfluenza viruses types 2 
to 5, Newcastle Disease Virus, Mumps virus), the genus Morbillivirus (Measles virus, 
subacute sclerosing panraccphalitis virus, distemper virus. Rinderpest vims), the genus 

15 Pneumovirus (respiratory syncytial virus (RSV), Bovine respiratory syncytial virus and 
Pneumonia vims of mice); forest virus, Sindbis virus, Chikungunya vims, O^Nyong-Nyong 
virus, Ross river virus, Venezuelan equine encephalitis virus, Western equme encephalitis 
virus), the genus Flavirius (Mosquito bome yellow fever virus. Dengue vans, Japanese 
encephalitis vims, St Louis encephalitis vims, Murmy Valley encephalitis virus, West Nile 

20 vims, Kunjin virus. Central European tick bome virus, Far Eastern tick bome virus, Kyasanur 
forest virus, Louping III vims, Powassan virus, Omsk hemorrhagic fever virus), the genus 
Rubivirus (Rubella virus), the genus Pestivuns (Mucosal disease virus. Hog cholem vims. 
Border disease virus); the £amily Bunyaviridae, including the genus Bunyvirus (Bunyamwera 
and related viruses, California enceplalitis group viruses), the genus Phld)ovirus (Sandfly 

25 fever Sicilian virus. Rift Valley fever virus), the genus Nairovims (Crimean-Congo 

hemorrhagic fever vims, Nairobi sheep disease vims), and the genus Uukuvirus (Uiikuniemi 
and related viruses); the &mily Ortliotnyxoviridae, including the genus Influoiza vkus 
(Influenza vims type A, many human subtypes); Swine influenza virus, and Avian and Equine 
Influenza viruses; influenza type B (many human subtypes), and influenza type C (possible 

30 separate genus); the fimodlyparamyxoviridae, including the genus Paramyxovi^ 
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(Parainfluenza virus type 1 , Sendai virus. Hemadsorption virus. Parainfluenza viruses types 2 
to S, Newcastle Disease Virus, Mumps virus), the genus Morbillivirus (Measles virus, 
subacute sclerosing panencephalitis virus, distemper virus. Rinderpest virus), the genus 
Pneumovirus (respiratory syncytial virus (RS V), Bovine respiratory syncytial virus and 
Pneumonia virus of mice); the family Rhabdoviridae, including the genus Vesiculovirus 
(VSV), Chandipura virus, Flanders-Hart Park virusX the genus Lyssavirus (Rabies virus), fish 
Rhabdoviruses, and two probable Rhabdoviruses (Marburg virus and Ebola virus); the i^mily 
Arenaviridae, including Lymphocytic choriomeningitis virus (LCM), Tacaribe virus complex, 
and Lassa virus; the family Coronoaviridae, incliuiing Infectious Bronchitis Virus (IBV), 
Mouse Hepatitis virus, Human enteric corona virus, and Feline infectious peritonitis (Feline 
coronavirus). 

Illustrative DNA viruses that are antigens in vertebrate animals include, but are not 
limited to: the &mily Poxviridae, including the genus Ortiiopoxvirus (Variola major. Variola 
minor, Monkey pox Vaccinia, Cowpox, Bufi&lopox, Rabbitpox, Ectromelia), the genus 
Leporipoxvirus (Myxoma, Fibroma), the geavs Avipoxvirus (Fowlpox, other avian pox^rus), 
the genus Capripoxvirus (sh^pox, goatpox), the genus Suipoxvirus (Swinepox), the genus 
Par^oxvirus (contagious postular dermatitis virus, pseudocowpox, bovine popular stomatitis 
\irus); the femUy Iridoviridae (Aj&ican swine fever virus. Frog viruses 2 and 3, Lymphocystis 
virus offish); the family Herpesviridae, including the alpha-Herpesviruses (Herpes Simplex 
Types 1 and 2, Vaiicella-Zoster,£quijie abortion virus. Equine heipes virus 2 and 3, 
pseudoiabies virus. Infectious bovine keratoconjunctivitis virus, infectious bovine 
ifainotrachdtis virus, feline rbinotracheitis virus, infectious laryngotradieitis virus) the 
Beta-herpesvuuses (Human cytomegalovirus and cytom^aloviruses of swine, monkeys and 
rodents); the gamma-jietpesviruses (Epstein-Ban virus (EBV), Marek*s disease virus, Herpes 
saimiri. Herpesvirus ateles, Herpesvirus sylvilagus, guinea pig herpes virus, Lucke tumor 
virus); the £armly Adenoviridae, including the genus Mastadenovirus ^uman subgroi:q)S 
A3»C,D3 and ungrouped; simian adenoviruses (at least 23 serotypes), infectious canine 
hepatitis, and adenoviruses of cattie, pigs, sheep, fix)gs and many otiier species, the genus 
Aviadenovirus (Avian adenoviruses); and non-cultivatable adenoviruses; the fiunily 
Papoviridae, including the genus Papillomavirus (Human papilloma viruses, bovine papilloma 



wo 99/61056 PCT/US99/11359 

-34. 

viruses, Shope rabbit ps^illoma virus, and various pathogenic psqjilloma viruses of other 
species), the genus Polyomavirus (polyomavinis. Simian vacuolating agent (SV-40), Rabbit 
vacuolating agent (RKV), K virus. BK virus, JC virus, and other primate polyoma viruses 
such as Lymphotrophic papilloma virus); the femily Parvoviridae including the genus 

5 Adeno-associated viruses, the genus Parvovirus (Feline panleukopenia virus, bovine 

parvovirus, canine parvovirus, Aleutian mink disease virus, etc). Finally, DNA viruses may 
include viruses vfhich do not fit into the above families such as Kuru and Creutzfeldt-Jacob 
disease viruses and chronic infectious neuropathic agents (CHINA virus). 

Each of the foregoing lists is illustrative, and is not intended to be limiting. 

10 In addition to the use of the CpG oligonucleotides to induce an antigen specific 

immune response m humans, the methods of the prefenred embodiments are particularly well 
suited for treatment of birds such as hens, chickens, turiceys, ducks, geese, quail, and pheasant 
Birds are prime targets for many types of infections. 

Hatching birds are exposed to pathogenic microorganisms shortly after birth. 

1 5 Although these birds are initially protected against pathogens by maternal derived antibodies, 
this protection is only temporary, and the bird's own immature immune system must begin to 
protect the bird against the pathogens. It is often desirable to prevent infection in young birds 
when they are most suscqptible. It is also desirable to prevent against infection in older birds, 
especially \^1ien the birds are housed in closed quarters, leadmg to the rapid spread of disease. 

20 Thus, it is desirable to administer the CpG oligonucleotide and the non-nucleic acid adjuvant 
of the invention to birds to enhance an antigen-specific immune response when antigen is 
present 

An example of a common iiifection in chickens is chicken infectious anemia virus 
(CIAV), CIAV was first isolated in Jqjan in 1979 during an investigation of a Marek's 
25 disease vaccination break (Yuasa et al., 1979. Avian Dis. 23:366-385). Since feat time, CIAV 
has been detected in commercial poultry in all major poultry producing countries (van Bulow 
et al., 1991, pp.690-699) in Diseases of Poultry, 9th edition, Iowa State University Press). 

CIAV infection results m a clinical disease, characteri2©d by anemia, hemorxhage and 
ummmosuppression, in young susceptible chickens. Atrophy of the thymus and of the bone 
30 marrow and consistent lesions of CIAV-infected chickens are also characteristic of CIAV 
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infection. Lymphocyte depletion in the thymus, and occasionally in the bursa of Fabricius, 
results in immunosuppression and increased suscq)tibility to secondary viral, bacterial, or 
fungal infections which then complicate the course of the disease. The immunosuppression 
may cause aggravated disease after infection with one or more of Marek's disease vims 

5 (MDV), infectious bursal disease virus, reticuloendotheUosis virus, adenovirus, or reovirus. It 
has been reported that pathogenesis of MDV is enhanced by CIAV (DeBoer et aL, 1989, p. 28 
In Proceedings of the 38th Westem Poultry Diseases Conference, Tempe, Ariz.). Further, it 
has been reported that CIAV aggravates the signs of infectious bursal disease (Rosenberger et 
al,, 1989, Avian Dis. 33:707-713). Chickens develop an age resistance to experimentally 

10 induced disease due to CAA. This is essentially complete by tiie age of 2 weeks, but older 
birds are still susceptible to infection (Yuasa,N. et al., 1979 siqnra; Yuasa, N. et al., Arian 
Diseases 24, 202-209, 1980). However, if chickens are dually infected witti CAA and an 
immunosuppressive agent (BDV, MDV etc.) age resistance agaixist the disease is delayed 
(Yuasa, N. et al,. 1 979 and 1980 supra; Bulow von V. et al.. J. Veterinary Medicine 33. 

15 93-1 16, 1986). Characteristics of CIAV that may potentiate disease transmission include high 
resistance to raivironmental inactivation and some common disinfectants. The econonuc 
impact of CIAV infection on the poultry industiy is clear fiom the &ctthat 10% to 30% of 
infected birds in disease outbreaks die. 

Vaccination of birds, like otiier vertebrate animals can be performed at any age. 

20 Normally, vaccinations are performed at iq) to 12 weeks of age for a live microorganism and 
between 14-1 8 weeks for an inactivated microorganism or other type of vaccine. Forinovo 
vaccination, vaccination can be performed in the last quarter of embryo development The 
vaccine may be administered subcutaneously, by spray, orally, intraocularly, intrattacheally, 
nasally, or by other mucosal delivery methods described herein. Thus, the CpG 

25 oligonucleotide of the invention can be administered to birds and other non-human vibrates 
using routine vaccination schedules and the antigen is administered aft^ an appropriate time 
pedod as described herein. 

Cattie and livestock are also susceptible to infectioiL Disease \^diich affect these 
ammals can produce severe economic losses, especially amongst cattie. The methods of the 

30 invention can be used to protect against mfection in livestock, such as cows, horses, pigs. 
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sheep, and goats. 

Cows can be infected by bovine viruses. Bovine viral diarrhea virus (BVDV) is a 
small enveloped positive-stranded RNA virus and is classified, along with hog cholera virus 
(HCKIV) and sheep border disease virus (BDV), in the pestivirus genus. Although, 
Pesdvttuses were previously classified in the Togaviridae femily, some studies have 
suggested their reclassification within the Flaviviridae femily along with the flavivirus and 
hepatitis C virus (HCV) groups (Francki, et al., 1991). 

B VD V, which is an important pathogen of cattle can be distinguished, based on cell 
culture analysis, into cytopathogenic (CP) and noncytopafliogenic (NCP) biotypes. The NCP 
biotype is more widespread although both biotypes can be found in cattle. If a pregnant cow 
becomes infected with an NCP strain, the cow can give birth to a persistently infected and 
specifically immunotolerant calf that will spread virus during its Ufetime. The persistently 
infected catde can succumb to mucosal disease and both biotypes can then be isolated from 
the animal. Clinical manifestations can include abortion, teratogenesis, and respiratory 
problems, mucosal disease and mild diarrhea. In addition, severe thrombocytopenia, 
associated wth herd epidemics, that may result m Ae death of the animal has been desaribed 
and strains associated with this disease seem more virulent than the classical BVDVs. 

Equine herpesvmises (EHV) comprise a groiqj of antigenically distinct biological 
agents vMdi cause a variety of infections in horses ranguig fiom subclinical to fetal disease. 
Hiese include Eqmne herpesvinis-1 (EHV-1), a ubiquitous pathogen m horses. EHV-1 is 
associated with epidemics of abortion, resphatory tract disease, and central nervous system 
disorders. Primary infection of upper respkatory tract of young horses results in a febrile 
iUness which lasts for 8 to 10 days. Immunologically experi^ed maies may be reinfected via 
Hxe respiratory tract without disease becoming apparent, so that abortion usually occurs 
without warning. Tlie neurological syndrome is associated with respiratory disease or abortion 
and can affect animals ofeither sex at any age, leading to mcoordmadon, weakness and 
posteriorparaiysis(Telford,E. A. R.etal., Virology 189,304-316, 1992). Other EHV's 
include EHV-2, or equine cytomegalovirus, EHV-3, equine coital exanthema virus, and 
EHV-4, previously classified as EHV-1 subtype 2. 

Sheep and goats can be infected by a variety of dangerous microorganisms including 
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visna-maedi. 

Primates such as monkeys, apos and macaques can be infected by simian 
immunodeficiency virus. Inactivated cell-virus and ceU-fi:ee whole simian immunodeficiency 
vaccines have been reported to afford protection in macaques (Stott et al. (1 990) Lancet 

5 36:1538-1541; Desrosiers et al. PNAS USA (1989) 86:6353-6357; Muiphey-^^oib et al. 
(1989) Science 246:1293-1297; and Carlson et al. (1990) AIDS Res. Human Retroviruses 
6:1239-1246). A recombinant HIV gpl20 vaccine has been reported to afford protection in 
chimpanzees (Berman et al. (1990) Nature 345:622-625). 

Cats, both domestic and wild, are susceptible to infection ^th a variety of 

10 microorganisms. For instance, feline iiifectious peritonitis is a disease which occiirs in both 
domestic and wild cats, such as lions, leopards, cheetahs, and jaguars. When it is desirable to 
prevent infection with this and other types of pathogenic organisms in cats, the methods of the 
invention can be used to vaccinate cats to protect them against infectioiL 

Domestic cats may become infected with several retroviruses, including but not 

15 limited to feline leukemia virus (FeLV), feline sarcoma virus (FeSV), endogenous type C 
oncornavirus (RD-1 14), and feline syncytiarforming virus (FeSFV). Of these, FeLV is ttie 
most significant pathogen, causmg diverse qmiptoms, including lymphoreticular and myeloid 
neoplasms, anemias, immune mediated disorders, and an immunodefidency syndrome 
^ch is similar to human acquired immune defici^cy syndrome (AIDS). Recently, a 

20 particular replication-defective FeLV mutant, designated FeLV-AIDS, has been more 
particularly associated with immunosuppressive properties. 

The discovery of feline T-lymphotropic lentivirus (also referred to as feline 
immunodeficiency) was first reported in Pedersen et al. (1987) Science 235:790-793. 
Characteristics of FTV teive been reported in Yamamoto et al. (1988) Leukemia, December 

25 Supplement 2:204S-215S; Yamamoto et aL (1988) AnL J. Vet Res, 49:1246-1258; and 

Addey et al. (1990) J. ViroL 64:5652-5655. Cloning and sequence analysis of FTV have been 
reported in Ohnsted et al, (1989) Proc. Nail. Acad. Sci. USA 86:2448-2452 and 
86:4355-4360. 

Feline infectious peritonitis (FTP) is a sporadic disease occurring unpredictably in 
30 domestic and ^d Felidae. While FIP is primarily a disease of domestic cats, it has been 
diagnosed in lions, mountain lions, leopards, cheetahs, and the jaguar. Smaller wild cats that 
have been afOicted with FIP include the lynx and caracal, sand cat, and pallas cat In domestic 
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cats, the disease occurs predominantly in young animals, although cats of all ages are 
susceptible- A peak incidence occurs between 6 and 12 months of age. A decline in incidence 
is noted from 5 to 13 years of age, followed by an increased incidence in cats 14 to 1 5 years 
old. 

5 Viral, bacterial, and parasitic diseases in fin-fish, shellfish or other aquatic life fonns 

pose a serious problem for the aquaculture industry. Owing to the high density of animals in 

the hatchery tanks or enclosed marine fanning areas, infectious diseases may eradicate a large 

proportion of the stock m, for example, a fin-fish, shellfish, or other aquatic life forms facility. 

Prevention of disease is a more desired remedy to these threats to fish than intervention once 
10 the disease is in progress. Vaccination of fish is the only preventative method which may offer 

long-term protection through mununity. Nucleic acid based vaccinations are described in US 

Patent No. 5,780,448 issued to Davis, 

The fish immxme system has many features sunilar to the mammalian immune system, 

such as the presence of B cells, T cells, lymphokines, complement, and immunoglobulins. 
15 Fish have lymphocyte subclasses with roles that appear similar m many respects to those of 

the B and T cells of mammals. Vaccines can be administered by immersion or orally. 

Aquaculture species iticlude but are not Bmited to fin-fish, shellfish, and other aquatic 

animals. Fin-fish include all vertebrate fish, which may be bony or cartilaginous fish, such as, 

for example, sahnonids, carp, catfish, yellowtail, seabream, and seabass. Salmonids are a 
20 femily of fin-fish which include trout Oncluding rainbow trout), sahnon, and Arctic char. 

Examples of shellfish include, but are not limited to, clams, lobster, shrimp, crab, and oysters. 

Other cultured aquatic animals include, but are not limited to eels, squid, and octopi. 

Polypeptides of viral aquaculture pathogens include but are not lunited to glycopiotem 

(G) or nucleoprotein (N) of viral hemonrhagic septicemia vims (VHS V); G or N proteins of 
25 mfectious hematopoietic necrosis virus (IHNV); VPl, VP2, VP3 orN structural proteins of 

infectious pancreatic necrosis vniis (IPNV); G protein of spring viremia of carp (SVC); and a 

membrane-associated protem, tegumin or capsid protein or glycoprotein of channel catfish 

vkus (CCV). 

Polypqrtides of bacterial pathogens include but are not limited to an iron-regulated 
30 omest membrane protein, (IROMP), an outer membrane protein (OMP), and an A-protdn of 
Aeromonis sahnonicida which causes furunculosis, p57 protein of Renibacterium 
sahnoninarum v*idi causes bacterial kidney disease (BKD), major surface associated antigen 
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(msa), a surface e;q>ressed cytotoxin (mpr), a sitrface expressed hemolysin (ish), and a 
flagellar antigen of Yersiniosis; an extracellular protein (ECP), an iron-regulated outer 
membrane protein (IROMP), and a structural protein of Pasteurellosis; an OMP and a flagellar 
protein of Vibrosis anguillaium and V. ordalii; a fi£^ellar protein, an OMP protein^aroA, and 
S purA of Edwardsiellosis ictaluri and E. tarda; and surface antigen of Ichthyophtfairius; and a 
structural and regulatory protein of Cytophaga columnari; and a structural and regulatory 
protein of Rickettsia. 

Polypeptides of a parasitic pathogen include but are not limited to the sur&ce antigms 
of Ichthyophthirius. 

1 0 An "allergen'' refers to a substance (antigen) that can induce an allergic or asthmatic 

response in a susceptible subject The list of allergens is enormous and can include pollens^ 
insect venoms, animal dander dust, fungal spores and drugs (e.g. penicillin). Examples of 
natural, animal and plant allergens include but are not limited to proteins spedfic to the 
following genuses: Canine (Cams familiaris); Dermatophagoides (e.g. Dermatophagoides 

1 5 farinae); Felis {Felis domesticus); Ambrosia (Ambrosia artemiisfolia; Lolium (e.g. LoUum 
perenne or Loliim multiflorum); Cryptomeria (Cryptomeria jcq)onica)\ Altemaria (Alternaria 
altemata); Alder^ Alnus {Alnus gidtinoasa); Betula (Betula verrucosa); Quercus (Quercus 
alba); Olea (Olea europa)\ Artemisia (Artemisia vulgaris); Plantago (e.g. Plantago 
lanceolata); Parietaria (e.g. Parietaria officinalis or Parietaria Judaica); Blaitella (e.g. 

20 Blattella germanica); Apis (e.g. Apis multiflorum); Cipressus (e.g. Ctq^essus sengjervirens, 
Cupressus arizonica and Cupressus macrocarpa); Juniperus (e.g. Juniperus sabinoides^ 
Jumperus vb^giniana^ Juniperus communis and Juniperus ashet); Jhuya (e,g. Thuya 
orientalis); Chamaecyparis (e.g. Chamaecyparis obtusa); Periplaneta (e.g. Periplaneta 
americana); Agropyron (e.g. Agropyron repens); Secate (e,g. Secale cereale); Triticum (e,g. 

25 Triticum aestivum); Dactylis (e.g. Dactylis glomerata); Festuca (e.g. Festuca elatior); Poa 
(e.g. Poapratensis or Poa compressa); Avena (e.g. Avena sativa); Holcus (e.g. Holcus 
lanatus); Anthoxanthum (e.g. Anthoxanthum odoratum); Arrhenatherum (e.g. Arrhenatherum 
elatius); Agrostis (e.g. Agrostis alba); PUeum (e.g. Phleum pratense); Phalaris (e.g. Phalaris 
arundinacea); Paspalum (e.g. Paspalum notatum); Sorghum (e.g. Sorghum halepensis); and 

30 Bromus (e.g. Bromus inermis). 

The antigen may be an antigen that is encoded by a nucleic acid vector or it may be not 
encoded in a nucleic acid vector. In the former case the nucleic acid vector is administered to 
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the subject and the antigen is expressed in vivo. In die latter case the antigen is administered 
directly to the sulgect An "antigen not encoded m a nucleic acid vector" as used herein refers 
to any type of antigen that is not a nucleic acid. For instance, in some aspects of the invention 
the antigen not encoded in a nucleic acid vector is a polypeptide. Minor modifications of the 
primary amino add sequences of polypqitide antigens may also result m a polypeptide which 
has substantially equivalent antigenic activity as compared to die umnodiJSed counterpart 
polyp^de. Such modifications may be deliberate, as by site-directed mutagenesis, or may 
be spontaneous. All of the polypeptides produced by these modifications are included herein 
as long as antigenicity still exists. The polypeptide may be, for example, a viral polypeptide. 
One non-limiting example of an antigen usefid according to die invention is the hepatitis B 
surfece antigen. Experiments using tiiis antigen are described in the Examples below. 

The term "substantially purified" as used herein refers to a polypeptide which is 
substantially fcee of other proteins, lipids, carbohydrates or other materials with which it is 
naturally associated One skilled m the art can purify viral or bacterial polypeptides using 
standard techniques for protein purifit^on. The substantially pure polypeptide will often 
yield a single major band on a non-reducing polyacrylamide gel. In the case of partially 
glycosylated polypeptides or those tiiat have several start codons, there may be several bands 
on a non-reducing polyacrylamide gel, but these will form a distinctive pattern for that 
polypqrtide- Hie purity of the viral or bacterial polyp^tide can also be determined by 
amino-terminal amino acid sequence analysis. 

The invention also utilizes polynucleotides encoding the antigenic polypq)tides. It is 
envisioned that the antigen may be delivered to the subject in a nucleic acid molecule which 
«icodes for die antigen such that the antigen must be ttqiressed in vivo. Such antigens 
delivered to he subject in a nucleic acid vector are referred to as "antigois encoded by a 
rmcldc acid vector.** The nucleic acid encodmg the antigen is operatively linked to a gene 
ejqjression sequence which directs the ejqiression of the antigen nucleic acid wifliin a 
cukaryotic cell. The "gene expression sequence" is any regulatory nucleotide sequence, sudi 
as a promoter sequence or promoter-enhancer combination, vMoh facilitates the efiSdent 
transcription and translation of the antigen nucleic acid to which it is operatively Imked. The 
gene expression sequence may, for example, be a mammalian or viral promoter, such as a 
constitutive or inducible promoter. Constitutive mammalian promoters indude, but are not 
lunited to, the promotes for the following genes: hypoxantiiine phosphoribosyl transferase 
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(HPTR), adenosdne deaminase, pyruvate kinase, p-actin promoter and other constitutive 
promote. Exemplary viral promote v^ch function constitutively in eukaryotic cells 
include, for example, promoters fiom the cytomegalovirus (CMV), simian virus (e.g., SV40), 
papilloma virus, adenovirus, human inmiunodeficiency virus (HIV)^ Rous sarcoma virus, 
cytomegalovirus, the long tenninal repeats (LTR) of Moloney leukemia virus and other 
letroviruses, and the thymidine kinase promoter of heipes simplex virus. Other constitutive 
promotersareknowntofhoseofordinaiy skill in the art. The promoters useful as gene 
expression sequences of the invention also include inducible promoters. Inducible promoters 
are expressed in the presence of an inducing agent For example, the metallothionein 
promoter is induced to promote transcription and translation in the presence of certain metal 
ions, (^er inducible pn)moters are knovm to those of ordinary skill in the art 

In general, the gene expression sequence shall include, as necessary, S* 
non-transcribing and 5' non-translating sequences involved with the initiation of transcription 
and translation, respectively, sudi as a TATA box, capping sequence, CAAT sequence, and 
the like. Especially, such 5* non-transcribing sequences will include a promoter region yMch 
includes a promoter sequence for transcriptional control of the operably joined antigen nucleic 
acid The gcae expression sequences optionally include enhancer sequences or upstream 
activator sequences as desired. 

The antigen nucleic acid is operatively linked to tiie gene expression sequence. As 
used herein, the antigen nucleic acid sequence and tiie gene e^qpression sequence are said to be 
'^op^rably linked" v^en they are covalentiy linked in such a way as to place the expression or 
transcription and/or translation of the antigen coding sequence und^ tiie influence or contol 
of the gene expiession sequence. Two DNA sequences are said to be opaably linked if 
induction of a promoter in the 5* gene expression sequence results in the transcription of the 
antigen sequence and if the nature of the Unkage between the two DNA sequmces does not 
(1) result in the introduction of a fiame-s^ mutation, (2) interfm with the ability of the 
promoter region to direct the transcription of the antigen sequence, or (3) interfere with the 
abiUtyofthe corresponding RNA transcript to be translated into a proteiiu 'nius,agene 
expression sequence would be operably linked to an antigen nucleic acid sequence if the g^e 
expression sequence were capable of eflfecting transcription of that antigen nucleic acid 
sequence such that the resulting transcript is translated into the desired protein or polypeptide. 

The antigen nucleic acid of the invention may be deUvered to tiie immune system 
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alone or in association with a vector. In its broadest sense, a "vector" is any vehicle capable of 
fecilitating the transfer of the antigen nucleic acid to the cells of the immune system so fliat 
the antigen can be expEressed and presented on the surface of the fanmmie cell. The vector 
generally transports the nucleic acid to the immune cells with reduced degradation relative to 

5 the extent of degradation that would result in the absence of the vector. The vector optionally 
includes the above-described gene expression sequence to enhance expression of the antigen 
nucleic acid in immune cells. In general, the vectors useful in the mvention include, but are 
not limited to, plasmids, phagemids, viruses, other vehicles derived fiom vital or bacterial 
sources that have been manipulated by the insertion or incorporation of the antigen nucleic 

10 acid sequences. Viral vectors are a prefened type of vector and include, but are not limited to 
micleic acid sequences fiom the following viruses: retrovirus, such as Moloney murine 
leukemia virus, Harvey murine sarcoma virus, murine mammary tumor virus, and Rous 
sarcoma virus; adenovirus, adeno-associated virus; SV40-type viruses; polyoma viruses; 
Epstein-Barr viruses; p^illoma viruses; herpes virus; vaccinia vuiis; polio virus; and RNA 

15 virus such as a retrovirus. Onecanreadily employ other vectors not named but known to the 
art 

Preferred viral vectors are based on non-cytopathic eukaryotic viruses in whidl 
non-essential genes have been replaced with the gene of interest Non-cytopathic viruses 
include retroviruses, the life cycle of vMch involves reverse transcription of genomic viral 

20 RNA into DNA with subsequent proviral integration into host cellular DNA. Retroviruses 
have be^ proved for human gene therapy trials. Most useful are those retnnoruses that are 
replication-deficient (i.e., cs^iable of directing synthesis of the deshed iHOteins, but incapable 
ofmanufecturing an mfectious particle). SuchgeneticaUyaltoed retroviral expression vectors 
have general utility for the high-effidency transduction of genes in vivo. Standard protocols 

25 for producing replication-deficient retroviruses ^eluding die steps of incorporation of 

exogenous genetic mat«ffial mto a plasmid, transfection of a packaging cell lined with plasmid, 
production of recombmant retroviruses by the packaging cell line, collection of vfral particles 
fiom tissue culture media, and infection of the target cells with viral particles) are provided in 
Kriegler, M., "Gene Transfer and Expression, A Laboratory Manual," WJf . Freeman CO., 

30 New Yo± (1990) and Muny, E.J. Ed "Metiiods in Molecular Biology," vol. 7, Humana Press, 
Inc., aiffton. New Jersey (1991). 

A preferred virus for obtain applications is the adeno-associated virus, a 
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double-Stranded DNA virus. The adeno-associated vims can be engineered to be replication 
-deficient and is enable of infecting a wide range of cell types and species. It further has 
advantages such as, heat and lipid solvent stability; high transduction fiequencies in cells of 
diverse lineages, including hemopoietic cells; and lack of superinfection inhibition thxis 

5 allowing multiple series of transductions. Reportedly, the adeno-associated virus can 
integrate into himian cellidar DNA in a site-specific maimer, thereby minimizing the 
possibility of insc^onal mutagenesis and variability of inserted gene expression characteristic 
of retroviral infectiort In addition, wild-type adeno-associated virus infections have been 
followed in tissue culture for greater than 1 00 passages in the absence of selective pressure, 

10 implying that the adeno-associated virus genomic integration is a relatively stable event. The 
adooio-associated virus can also function hi an extrachromosomal &shioiL 

Other vectors include plasmid vectors. Plasmid vectors have been extensively 
described in the art and are well-known to those of skill in the art See e.g., Sambrook et al., 
'Molecular Cloning: A Laboratory Manual," Second Edition, Cold Spring Harbor Laboratory 

15 Pr^ 1989. In the last few years, plasmid vectors have been found to be particularly 

advantageous for delivering genes to cells in vivo because of their inability to r^Iicate within 
and integrate into a host genome, Th^e plasmids, however, having a promoter compatible 
with the host ceil, can express a peptide fiom a gene operatively encoded within the plasmid. 
Some commonly used plasmids include pBR322, pUClS, pUC19, pRC/CMV, SV40, and 

20 pBlueSoipt Other plasmids are well-known to those ofordinary skill in the art 

Additionally, plasmids may be custom designed using restriction enzymes and ligation 
reactions to remove and add specific fragments of DNA. 

It has recently been discovered that getie canymg plasmids can be deUve^ 
immune system using bacteria. Modified forms of bacteria such as 5ietfmoneZia can be 

25 transfected with the plasmid and used as delivery vehicles. The bactmal delivery vehicles can 
be administered to a host subject ondly or by other adnnmistradon means. The bacteria deliver 
tfie plasmid to immune cells, e.g. dendritic cells, probably by passing throu^ the gut barrier. 
High levels of immune protection have been established usmg this methodology. Such 
methods of deUveiy are useful for the aspects of die invention utilizing systmic delivery of 

30 antigen, CpG oligonucleotide and/or hormone. 

CpG oligonucleotide can act in a synergistic maimer with other mucosal adjuvants to 
enhance immune responses. The CpG oligonucleotide and mucosal adjuvant may be 
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administered simultaneously or sequenti^^^ When the adjuvants are administered 
simultaneously they can be administered in the same or separate formulations, but are 
administered at the same time. TTie adjuvants are administered sequentially, when the 
administration oftbe at least tvvo adjuvants is temporally separated. The separation in time 
between the administration of the two adjuvants may be a matter of minutes or it imy be 
longer. 

As shown in the Examples section, titers of serum anti-HBs IgG, which is associated 
with systemic immunity, in mice knmunized with CpG oligonucleotide plus CT were at least 
50.fold higher than with CT or CpG oligonucleotide alone (Figure 1), Furthermore, titers 
with 1 ^ig of the two adjuvants together gave better results than 10 |ig of either adjuvant alone. 
These results indicate a synergistic action ofthe two adjuvants. Similar results were also 
obtained with CpG and LT. Such synergy was seen for both humoral (Figures 1-3) and cell- 
mediated (CTL and T-cell proliferation) (Figure 4) responses. As well, the proportion of 
IgG2a isotype of antibodies, was about 10-times greater with CpG ODN than CT, indicating a 
greater Thl influence of CpG ODN compared to CT. Furthermore, the combination of CpG 
ODN and CT gave a 50-times higjier IgG2a:IgGl ratio than CT alone. Taken together, ftese 
results indicate a strong synergy ofthe adjuvant combination humoral immune responses, 
with respect to both strength and Thl -bias, and cellular immune responses (Figure 3). 

Hie hallmark of mucosal immunity is the presence of secretory IgA antibodies in 
association with mucosal surfeces. IgA antibodies are essential to prevent entry ofthe 
pathogen into the body. IN immunizat ion of mice wifli HBsAg alone, 1 or 10 fig, failed to 
induce any detectable IgA in lung washes. Nor was there any IgA with the low dose of antigen 
and a low dose ( 1 /zg) of CT or CpG ODN. However there was significant IgA with a high 
dose of antigen and low dose of eiflser CT or CpG ODN or a low dose of antigen and a low 
dose of combined adjuvants. In fact, IgA levels with 1 fig of each of CpG ODN and CT 
combined were higher than with 1 0 A^g of eitiier alone, when administered with 1 0 fig HBsAg 
(Figure 5). Furthermore, IgA in fecal extracts, which indicates induction of mucosal immunity 
at distant sites, was detected only with (he combined adjvuairts (Figure 6). These results 
indicate that CpG ODN is a potent adj uvant for uiduction of mucosal immunity and tibat there 
is a strong synergistic response whra used with another mucosal adjuvant such as CT. 
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Similar results were found when LT was used in place of CT (Figure 7, Tables 2 and 
3). CT and LT, vMch are closely related with considerable structural and functional 
homology, are both too toxic for use in humans. However diere are a numb^ of derivations of 
CT and LT that retain some adjuvant activity yet are much less toxia One example is the B- 

5 subunit of CT (CTB) whidi is non-toxic since the toxicity is associated with the A subuniL 
Another example is LTK63, a genetically detoxified mutant of LT with no toxic enzymatic 
activity. Although these adjuvants are bemg used in human clinical trials, neither was a strong 
as CpG ODN for induction of systemic immunity (serum IgG) when each was used at 1 //g 
(Figure 7). There was also a synergistic eflEect when CpG ODN and CTB or LTK63 were 

10 used together, however this was more noticeable for Thl-bias than for strength of the antibody 
response (Figure 7 and Table 2). The combination of CpG ODN and LTK63 also induced IgA 
in lung washes, even though neither adjuvant on its own induced IgA at low concentrations 
Crable3). 

TTie strong adjuvanticity and low toxicity of CpG oligonucleotide ^en delivered to a 
15 mucosal sur&ce has important implications. It will allow many antig^ to be delivered to 
mucosal sur&ces for the induction of strong systemic immune responses. Non-invasive 
vaccine deUvery is desirable for immunization of children, animals, mass vaccination 
programs and also to avoid the risk of needle-stick injury. Sudi vaccines could be delivered 
intranasally by nose-drops or nasal spr^ or with a delivery system, or they could be delivered 
20 by otho: routes (oral, rectal, ocular) to other mucosal sur&ces, including with different 
delivery systems. 

The synergistic interaction of CpG oligonucleotide with mucosal adjuvants has 
important implications in vaccine development Because of the synergistic response it is now * 
possible to use lower and less toxic doses of m\icosal adjuvants such as CT, or other related 

25 toxins or subunits thereof, in conjunction with CpG oligonucleotide to obtain even better 
immune responses vdtfa less toxicity. For example, it would be possible to use CpG 
oligonucleotide in combination with a less toxic genetically modified mutants of CT or LT, 
for a highly effective vaccine of acceptable toxicity. Not only could the combined adjuvant 
approach be used to advantage with different toxins, but also with different forms of antigen, 

30 and different delivery systems to various mucosal routes. An effective amount as used with 
respect to this aspect of the invention is an amount that produces a synergistic Immune response. A 
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synergistic amount is that amount which produces an immune response against a specific antigen that 
is greater than the sura of tiie individual ejffects of either the CpG or the mucosal adjuvant alone. 

The invention can also be used in combination with parenteral immunization strategies 
(e.g*, intramuscular, intradermal or subcutaneous injection) , which are normally used for tiie 
induction of systemic immune responses. Remarkably, mice immunized witii HBsAg and 
having CpG oligonucleotide as at least one adjuvant, when primed by a parenteral route (IM) 
and boosted by a mucosal route (IN) or primed IN and boosted IM had up to lO-fold higher 
IgG (i.e., systenaic humoral response) tiian when both prime and boost were by the IM route 
(Figure 8). Cellular immime responses were also stronger with the parenteral/mucosal 
combined ^proaches than with only IN or only IM, as indicated by stronger CTL (Figure 9) 
and higher T-^ell proliferation (Figure 10). While tiie IN prime and boost gives good mucosal 
responses the IM prime and boost gives no detectable mucosal responses (Figures 1 1-13). 
The IM prime and IN boost approach also gave significant IgA in lung washes (Figure 11) and 
saliva (Figure 12) but not feces (Figure 13). 

The mucosed adjuvants useful according to the invention are non-oligonucleotide 
mucosal adjuvants. A "non-oligonucleotide mucosal adjuvant as used herein is an adjuvant 
other flian a CpG oligonucleotide that is capable of inducing a mucosal immune response in a 
subject when administered to a mucosal sur&ce in conjunction with an antigen. Mucosal 
adjuvants include but ate not limited to Bacterial toxins: e.g.. Cholera toxin (CT), CT 
derivatives including but not Umited to CT B subunit (CTB) (Wu et al., 1998, Tochikubo et 
al., 1998); CTD53 (Val to Asp) (Fontana et al,. 1995); CTK97 (Val to Lys) (Fontana et al., 
1995); CTK104 (Tyr to Lys) (Fontana et al.. 1995); CTD53/K63 (Val to Asp, Ser to Lys) 
(Fontana et al., 1995); CTH54 (Arg to His) (Fontana et al., 1995); CIN107 (His to Asn) 
(Fontana et al., 1995); CTEl 14 (Ser to GIu) (Fontana et al., 1995); CTEl 12K (Glu to Lys) 
(Yamamoto et al., 1997a); CTS61F (Ser to Phe) (Yamamoto et al., 1997a, 1997b); CTS106 
(Pro to Lys) (Douce et al., 1997, Fontana et al.. 1995); andCTK63 (Ser to Lys) (Douce et al., 
1997, Fontana et al,, 1995), Zonula occludens toxin, zot, Escherichia coli heat-labile 
enterotoxin. Labile Toxin (LT), LT derivatives including but not limited to LT B subunit 
(LTB) (Verweij et al., 1998); LT7K (Arg to Lys) (Komase et al.. 1998, Douce et al„ 1995); 
LT61F (Ser to Phe) (Komase et al., 1998); LTl 12K (Glu to Lys) (Komase et al,. 1998); 
LT118E(Glyto Glu) (Komase et al., 1998); LT146E (Arg to Glu) (Komase etal., 1998); 
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LT192G (Arg to Gly) (Komase et al., 1998); LTK63 (Ser to Lys) (Marchetti et al., 1998, 
Douce et al., 1997, 1998, Di Tommaso et al., 1996); and LTR72 (Ala to Arg) (Giuliani et al., 
1998), Pertussis toxin, PT. (Lycke et al., 1992, Spangler BD, 1992, Freytag and Clemments, 
1999. Roberts et al., 1995, Wilson et al.. 1995) including PT-9B:/129G (Roberts et al., 1995, 

5 Cropley et al., 1995); Toxin derivatives (see below) (Holmgren et al., 1993, Verweij et al,, 
1998, Rappuoli et al., 1995, Freytag and Clements, 1999); Lipid A derivatives (e.g., 
monophosphoryl lipid A, MPL) (Sasaki et al., 1998, Vancott et al., 1998; Muramyl Dipeptide 
(MDP) derivatives (Fukushima et aL, 1996, Ogawa et al., 1989, Michalek et al., 1983, 
Morisaki et al., 1983); Bacterial outer membrane proteins (e.g., outer surface protein A 

10 (OspA) lipoprotein of Borrelia burgdorferU outer membrane protine of Neisseria 

incmffgir«fc)(Marinaro et al., 1999. Van de Verg et ai., 1996); Oil-in-water emulsions (e.g., 
MF59) (Baniifield et al., 1999, Verschoor et al., 1999, 0*Hagan, 1998); Aluminum salts 
(Isaka et al., 1998, 1999); and Saponins (e.g., QS21) Aquila Biophannaceuticals, Inc., 
Worster, MA) (Sasaki et al., 1998, MacNeal et al., 1998), ISCOMS, MF'59 (a squaleae-in- 

15 wata: emulsion stabilized with Span 85 and Tween 80; Chiron Corporation, Emeryville. CA); 
the Seppic ISA scries of Montanide adjuvants (e,g., Montanide ISA 720; AhLiquide, Paris, 
France); PRO VAX (an oil-in-water emulsion contaixung a stabilising detergent and a micell- 
forming agent; IDEC Pharmaceudcals Corporation, San Diego, CA); Syntext Adjuvant 
Formulation (SAF; Synt^ Chemicals. Inc., Boulder, CO); 

20 poly[di(carboxylatophenoxy)phosphazene (PCPP polymw; Virus Research Institute, USA) 
and Leishmania elongation &ctor (Corixa Corporation^ Seatde, WA). 

Although mucosal delivery of the antigen is considered a prerequisite for induction of 
strong mucosal immune responses, it is possible to induce strong mucosal immunity to 
systemically delivered axrdgens by modulating die tmmnnR response with steroid hormones, sodi 

25 as desaibed for 1,25-Dihydroxy vitamin Dj [l^iGH^p^ (Daynes et al, 1996). The invention 
also indudes methods for the administration of CpG oligonucleotide alone or in combination wilh 
olher mucosal adjinrarits and antigen to hormonally treated individxi^ Each of die con^unds 
may be adnunisteied together or separately, systemically or mucosally . In some embodiments 
the CpG oligonucleotide and antigen and optionally other mucosal adjuvants are administered 

30 mucosally and the hormone is administered systemically. The hormone may be given 
parenteially (e.g., subcutaneous injection) or mucosally (e.g., orally). 
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Mucosal immune responses can also be induced with the co-administration of cytokines 
with the CpG oligonucleotides. Immune responses can also be augmented by co-linear 
ejqpression of cytokines (Bueler & Mulligan, 1996; Chow et a/.,1997; Geissler et a/., 1997; 
Iwasaki et oL, 1997; Kim et oL, 1 997) or B-7 co-stimulatory molecules (Iwasaki et at, 1997; Tsuji 

5 era/., 1997). The cytokines can be administered directly with CpG oligonucleotides or may be 
administered in the form of a nucleic acid vector that encodes the cytokine, such that Ae cytokine 
can be expressed in vivo. In one embodunent, when the CpG is administered in the fonn of a 
plasmid rapression vector, the vector may racode the cytokme, and a separate administiBtion of 
cytokine is not required. The term "cytokine** is used as a generic name for a diverse group of 

10 soluble protems and peptides which act as himioral regulators at nano- to picomolar 
concentrations and which, either under normal or pathological conditions, modulate the functional 
activities of individual cells and tissues. These proteins also mediate interactions between cells 
direcfly and regulate processes taking place m the extracellular environment Examples of 
cytokines include, but are not limited to DL-l, IL-2, IL-4, IL-5, IL-6, IL-7, IL-10, IL-12, IL-15, 

15 giariulocyte-macarophage colony stimulating factor (GM-CSF), granulocyte colony stimulating 
fector (GCSF), mterferon-Y (y-INF), tumor necrosis fiactor (TNF), TGF-p, FLT-3 Ugand, and 
CD40 ligand. 

Cytokines play a role m directing the T cell response. Help^(CD4+)T cells orchestrate 
fee immune response of mammals through production of soluble fectors that act on other immune 

20 system cells, including other T cells. Most mature CD4+ T helper cells express one of two 
cytokine proffles: Hil or lh2. Thl cells escpress IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, EL-IS, GM- 
CSF and low levels of TNF-a. The THl subset promotes delayed-type hypersensitivity, oeU- 
mediated immunity, and immunoglobulin class switchmg to IgGj^. The Th2 subset induces 
humoral immunity by activating B cells, promoting antibody production, and inducing class 

25 switchmg to IgG, and IgE In some mbodiments it is preferred that the cytokine be a Thl 
cytokixic. 

CpG oligonucleotides were found, surprisingly, to induce mucosal immunity in remote 
sites as well as local sites. A "remote site" as used herein is a mucosal tissue that is located in 
a difterent rpgion of tiie body than tfie mucosal tissue to vMch the CpG oligonucleotide has bem 
30 administered. For mstanceifthe<^ oligonucleotide is administered intr^^ 
would be the mucosal lining of the gut 
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For use in the instant invention, the nucleic acids can be synthesized de novo using any 
of a number of procedures well known in the art For example, the b<;yanoethyl phosphoramidite 
method (Beaurage, S.L., and Caruthws, M.H., TeL Let 22:1859, 1981); nucleoside 
H-phosphonate method (Garegg et al., Tel Lei 22:4051-4054, 1986; Froehler et a/., Ntwl Add 

5 Res, 14:5399-5407, 1986, ; Garegg erci. Tet Let 22:4055-4058, 1986, Gaflhey et aU TeL Let 
22:2619-2622, 1988). These chemistries can be peiformed by a variety of automated 
oligonucleotide synthesize available in the mail^. Alternatively, CpG dinucleotides can be 
produced onalarge scale in plaids, (see Sambrook, T., atcd.. Molecular Cloning: A Laboratory 
MMUjal, Cold Spring Harbor laboratory Press, New York, 1989) and separated into smallo- pieces 

10 or administered whole. Afbr being adrninist^red to a subject the plastiiid can be degraded into 
oligonucleotides. Oligonucleotides can be prq^ared fiom existing nucleic acid sequences (e.g., 
genomic or cDNA) using known techniques, such as those employing restriction enzymes, 
exonucleases or mdonucleases. 

For use in vivo, niicldc acids are preferably relatively resistant to degradation via 
15 endo-and exo-nucleases). Secondary structures, such as st^ loops, can stabilize nucleic acids 
against degradatiorL Altoiiatively, nucleic add stabilization can be accomplished via phosphate 
backbone modifications. One type of stabilized micleic acid has at least a partial 
phosfdiorathioate modified backbone. Phosphorothioates may be synthesized using automated 
tedmiques employing either phosphoramidate or H-phosphonate chemistries. Aryl-and 
20 alkyl-phosphonates can be made, e.g., as described in U.S. Patent No. 4,469,863; and 
alkylphoq)botriesters (in ^ch Ae charged oxygen moiety is alkylated as described in U.S. 
Patent No. 5,023,243 and European Patent No. 092,574) can be prepared by automated solid 
phase synthesis using conmieicially available reagents. Methods for making other DNA 
backbone modifications and substitutions have been described (Uhlmann, E. and Peyman, A., 
25 Chem. Rev. 2Q.544, 1990; Goodchild, J.. Bioconjugate Chem 1:165, 1990). 

Nucleic acids containing an appropriate unmethylated CpG can be effective in any 
vertebrate. Different nucldc acids contaiiiiiig an unmethylated CpG can cause optirnalinmiw^ 
stimulation depending on tiie mammalian species. Hius an oligonucleotide causing optimal 
stimulation inhumans may not cause optimal stunulation in a mouse and vice versa. One of sldll 
30 in the art can identify the optimal oligonucleotides usefitl for a particular mammalian species of 
interest usmg routine assays described herein and/or known in the art, using the guidance supplied 
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The temi "effective amount" of a CpG oligonucleotide refers to the amount necessary or 
sufBcient to realize a desired biologic effect For example, an effective amount of an 
oligonucleotide containing at least one unmethylated CpG for inducmg mucosal immunity is fliat 

5 amount necessary to cause the development of IgA in response to an antigen upon exposure to 
tiie antigen. Combined with the teachings provided herein, by choosing among tiie various active 
compounds and weighing factors such as potency, relative bioavailability, patient body weight, 
severity of adverse side-effects and preferred mode of administration, an effective prophylactic 
or thaapeutic treatment regimen can be planned which does not cause substantial toxicity and yet 

10 is entirely effective to treat the particular subject The effective amount for any particular 
application can vaiy depending on such factors as the disease or condition being treated, the 
particular CpG oligonucleotide being administered (e.g. the number of unme%lated CpG motife 
or their location in the nucleic acid), the antigen, the size of the subject, or tiie severity of the 
disease or condition. One of ordinary skill in the art can empirically determrne the effective 

15 amount of a particular CpG oligonucleotide and antigen without necessitating undue 
experimentation. 

Subject doses of the compounds described herein typically range ftom about 80 mg/day 
to 16,000 mg/day, more typically from about 800 mg/day to 8000 mg/day, and most typically 
fiom about 800 mg/day to 4000 mg/day. Stated in temas of subject body weight, typical dosages 
20 rai^e fimn about 1 to 200 mg/kg/day, more typically fiom about 10 to 100 mg/kg/day, and most 
typically fix)m about 10 to 50 mg/kg/day. Stated m terms of subject body surface areas, typical 
dosages range fiom about 40 to 8000 mg/mVday, more typically from about 400 to 4000 
mg/m^/day , and most typically fiom about 400 to 2000 mg/mVday. 

In some embodiments, particularly when the CpG is m a plasmid vector, at least 50 jig 
25 ofthe CpG is administered to a subject In otiier embodiments at least 75 fig, 100 pg, 200 jig, 
300 ng, 400 ng, 500 ng and every intcfger in between of iho CpG is administered to the subject 

For any compound described herem flie tiiwapeutically effective amount can be imtially 
determined fiom cell culture assays. For instance the effective amount of CpG oligonucleotide 
usefijl for mducmg mucosal unmunity can be assessed using tiie in vitro assays described above 
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with respect to stimiilation index. The stunulation index can be used to determine as efiective 
amount of the pardcular oligonucleotide for the particular subject, and the dosage can be adjusted 
upwards or downwards to achieve the desired levels in the subject Ther^eutically eflfective 
amounts can also be determined from animal models. A therapeutically effective dose can also 

5 be determined fix»m human data for CpG oUgonucleotides A^ch have been tested in humans 
(human clinical trials have been initiated) and for compounds vAach are known to exhibit suniiar 
pharmacological activities, such as other mucosal adjuvants, e.g., LT and other antigens for 
vaccination purposes. The £q)plied dose can be adjusted based on the relative bioavailabili^ and 
potency of the administered compound. Adjusting the dose to achieve maximal efGcacy based 

10 on tiie methods described above and odier methods as are well-known in die att is well within the 
capabilities of the ordinarily skilled artisan. 

The formulations of the invention are administered in pharmaceutically acceptable 
solutions, which may routinely contain pharmaceutically acceptable concentrations of salt, 
buffering agats, preservatives, compatible carriers, adjuvants, and optionally other ther^utic 
IS ingredients. 

For use in therapy, an effective amount of the CpG oligonucleotide can be administered 
to a subject by any mode that deUveis the oUgonucleotide to a mucosal sur&ce. "Administering** 
the pharmaceutical composition of the present invention may be accomplished by any means 
known to the skilled artisaiL Preferred routes of admiiiistration include but are not litoited to oral, 
20 intranasal, intratracheal, inhalation, ocular, va^nal, and rectal. 

For oral administration, the compounds (i*S'> CpG oligonucleotides, antigen, mucosal 
adjuvant) can be formulated readily by combining the active compound(s) witii pbatmaceutically 
acceptable carriers well known in the art Such carriers enable the conq)oimds of the invoition 
to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrops, slurries, suspensions and 

25 the like, for oral ingestion by a subject to be treated. Phamsaceutical preparations for oral use can 
be obtained as solid exdpient, optionally grinding a resulting mixture, and proces sing the mixture 
ofgranules,afier adding siutableauxiUaries,ifdesired, to obtain tabl^^ Suitable 
excipients are, in particular, fillers such as sugars, including lactose, sucrose, mannitol, or 
sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice starch, 

30 potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium 
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carboxymethylceUulose, and/or polyvinylpyrro If desired, disintegrating agents 

may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt 
thereof such as sodium alginate. Optionally the oral formulations may also be formulated in 
saline or buffers for neutraliang internal acid conditions. 

5 Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar 

solutions may be used, Aidiich may optionally contain gum arabic, talc, polyvinyl pynolidone, 
carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic 
solvents or solvent mixture- Dyestuflfe or pigments may be added to the tablets or dragee 
coatings for identification or to characterize different combinations of active compound doses, 

^ 0 Pharmaceutical preparations which can be used, orally include push-fit capsules made of 

gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or 
sorbitol The push-fit c^sules can contain the active ingredients in admfacture with filler such 
as lactose, binders such as starches, and/or lubricants such as talc or magnesium stearate and, 
optionally, stabilizers. In soft capsules, the active compoimds may be dissolved or suspended in 

15 suitable Uquids, such as fetty oils, liquid paraflBn, or liquid polyethylene glycols. In addition, 
stabilizMs may be added Microspheres formulated fox oral administration may also be used 
Such microspheres have been well defined in the art All formulations for oral administration 
should be in dosages suitable for such administration. 

For buccal administration, the compositions may take the form of tablets or lozenges 
20 formulated in conventional manner. 

For administration by inhalation, the compounds for use according to the present 
mvention may be convenienfly delivered in the form of an aerosol spray presentation fiom 
pressurized packs or a nebulizer, with the use of a suitable propellant, eg., 
didilorodifluoromethane, trichlorofluoromethane, dichlorotetrafluorocthane, carbon dioxide or 
25 other suitable gas. In the case of a pressurized aerosol the dosage unit may be determined by 
providing a vaWe to deliver a metered amount Q5)sules and cartridges of e.g. gelafinforusem 
an inhaler or msufiflator may be formulated containing a powder mix of the compound and a 
suitable powder base such as lactose or starch. 



The compounds, yibssx it is desirable to deliver them systemically, may be formulated for 
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paienteral admimstration by injection, eg., by bolus injection or continuous infusion. 
Foimulations for mjection may be presented in unit dosage form, e,g. , in ampoules or in multi- 
dose containers, vvdth an added preservative. The conq)ositions may take such forms as 
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory 
5 agents such as suspending, stabilizing and/or dispersing events. 

Pharmaceutical formulations for parenteral administration include aqueous solutions of 
the active compounds in wat^-soluble form. Additionally, susp^ons of the acdve compounds 
may be prepared as appropriate oily injection siispensions. Suitable lipophilic solvents or 
vehicles include &tty oils such as sesame oil, or synthetic fiitty acid esters, sudx as ethyl oleate 
10 or triglycerides, or liposomes. Aqueous injection suspensions may contain substances which 
increase fhe viscosity of thc^ suspension, such as sodium carboxymethyl cellulose, sorbitol, or 
dextran. OptionaUy, the suspension may also contain suitable stabilizers or agents ^diic^ 
the solubility of the compounds to allow for the preparation of highly concentrated solutions. 

Alternatively, the active compounds may be in powder fomi for constitution with a 
15 suitable vehicle, e.g.» sterile pyrogen-fiee wat^, before use. 

Tlie compounds may also be formulated in rectal or vaginal compositions such as 
suppositories or retention ^emas, e,g., containing conventional suppository bases such as cocoa 
butter or other glycOTdes. 

In addition to the formulations described previously, the compounds may also be 
20 formulated as a depot prquuration. Such long acting formulations may be formulated with 
suitable polyijieric or hydrophobic materials (for example as an emulsion in an accq>table oil) or 
ion exchange resins, or as sparingjiy soluble derivatives, for exan^)le, as a sparingly soluble salt 

The pharmaceutical compositions also may comprise suitable solid or gel phase carriers 
or excipients. Examples of such carriers or ncipients include but are not limited to calcium 
25 carbonate, calcium phosphate^ various sugars, starches, cellulose derivatives, gelatin, and 
polymm such as polyethylene glycols. 

Suitable liquid or soUd pharmaceutical preparation forms are, for example, aqueous or 
saline solutions for inhalation, nucroenc^>sulated, racodhleated, coated onto microscopic gold 
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particles, contained in liposomes, nebulized, aerosols, pellets for implantation into the skin, or 
dried onto a sharp object to be scratched into the skin. The pharmaceutical compositions also 
include granules, powders, tablets, coated tablets, (miOT))capsules, suppositories, syrups, 
pulsions, suspensions, creams, drops or preparations with protracted release of active 

5 compounds, in whose preparation excipients and additives and/or auxiliaries such as 
disintegrants, bmders, coating agents, swelling agents, lubricants, flavorings, sweeteners or 
solubilizers are customarily used as described above. Hie pharmaceutical compositions are 
suitable for use in a variety of drug delivery systems. For a brief review of present methods for 
drug delivery, see Langer, Science 242:1527-1533, 1990, which is mcoiporated herein by 

10 reference. 

The CpG oligonucleotides and antigens may be administered pej ^ (neat) or in the form 
of a pharmaceutically acceptable When used in medicine flie salts should be 

phaimaceufically acceptable, but non-pharmaceutically acceptable salts may convenientiy be vised 
to prepare pharmaceutically acceptable salts tiiereof. Such salts include, but are not limited to, 
15 tiiose prepared fix)m the foUowiiig acids: hydrochloric, hydrobromic, sulphuric, nitric, 
phosphoric, maleic, acetic, salicylic, p-toluene sulphonic, tartaric, dtric, mefliane sulphonic, 
formic, malonic, succinic, naphlhalOTe-2-sulphonic, and benzene sulphonic Also, such salts can 
be prepared as alkaline metal or alkaline earth salts, such as sodium, potassium or calcium salts 
of the carboxylic acid groi^. 

20 Suitable buffering agents include: acetic acid and a salt (1-2% w/v); citric acid and a salt 

(1-3% w/v); boric acid and a salt (0.5-2.5% w/v); and phosphoric acid and a salt (0.8-2% w/v). 
Suitable preservatives include benzalkonium chloride (0.003-0.03% w/v); chlorobutanol (0,3- 
0.9% w/v); parabois (0.01-025% w/v) and tiiimerosal (0.004-0.02% w/v). 

Tlie pharmacOTtical compositions of the invention contain an effective amount of a CpG 
25 oligonucleotide and antigens optionaBy included in a phannaceutically-accep^^ The 
term "pharmaceutically-acceptable carrier" means one or more compatible solid or liquid fillw, 
dilutants or encapsulating substances vMch are suitable for administration to a human or other 
vertebrate animal. The term "carrier" denotes an organic or morganic ingredient, natural or 
synthetic, with \rfiich the active ingredient is combined to fecilitate the application. The 
30 components of the pharmaceutical compositions also are capable of bemg commmgled with the 
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compounds of the present inveation, and with each other, in a manner such that there is no 
interaction which would substantially impair the desired pharmaceutical efficiency. 

The CpG oligonucleotides or antigens useful in the invention may be delivered in 
mixtures with additional mucosal adjuvant(s) or antigen(s). A mixture may consist of several 
mucosal adjuvants in addition to the CpG oligonucleotide or several antigens. 

A variety of administration routes are available. The particular mode selected will 
depend, of course, upon the particular adjuvants or antigen selected, the particular condition being 
treated and the dosage recpnred for therapeutic efficacy. The methods of this invention, generally 
speaking, may be practiced usmg any mode of administration that is medically acceptable, 
meaning any mode that produces effective levels of an immune response without causing 
clinically unacceptable adverse effects. Preferred modes of adnainistration are discussed above. 

The compositions may convenientiy be presoited in unit dosage form and may be 
prepared by any ofthemetiiods well known in the art of pharmacy. All methods include the step 
ofbringing the compounds into asso dation with a carrier vMcii constitutes one or more accessory 
ingredients. In general, tiie compositions are prepared by uniformly and intimately bringing the 
confounds into association with a liqxiid carrier, a finely divided solid carrier, or both, and then, 
ifnecessary, shining tiie product Liquid dose units are vials or ampoules. Solid dose units are 
tablets, c^sules and sl^3positories. For treatment of a patient, depending on activity of the 
compound, maimer of administration, purpose of the immunization Q.e., prophylactic or 
thercqjeutic), nature and severity of the disorder, age and body weight of the patient, different 
doses may be necessaiy . The administration of a given dose can be carried out both by single 
administration m tiie form of an individual dose unit or else several smaller dose units. Multiple 
administration of doses at specific intervals of weeks or months ^art is usual for boosting the 
antigen-specific responses. 

Other delivery syst^ns can include time-release, delayed release or sustained release 
delivery systems. Such systenis can avoid rq)eated administrations of the compounds, increasm 
convenience to the subject and the physician. Many types of release delivery systems are 
available and known to those ofoniinaiy skill in the art They include polymer base systems such 
as poly(Iactide-gIycolide), copolyoxalates, polycaprolactones, polyesteramides, polyorthoesters. 
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polyhydroxybutyric acid, and polyanhydrides. Microcapsules of the foregoing polymers 
containing drugs are described in, for example, U.S. Patent 5,075,109. Delivery systems also 
include non-polymer systems that are: lipids including sterols such as cholesterol, cholesterol 
esters and &tty acids or neutral fids such as mono-di-and tri-glyceridcs; hydrogel release systems; 

5 sylastic systems; peptide based systems; wax coatings; compressed tablets using conventional 
binders and excipients; partially fused implants; and the like. Specific examples include, but are 
not limited to: (a) erosional systems in which an agent of the invention is contained in a form 
wifhinamatrix such as those described in U,S, Patent Nos. 4,452,775, 4,675,189, and 5,736,152, 
and (b) diJSRisional systems in which an active component permeates at a controlled rate from a 

10 polyma: such as described m U.S. Patent Nos. 3,854,480, 5,133,974 and 5,407,686. In addition, 
pxraip-based hardware delivery systems can be used, some of which are adapted for implantation. 

The present invaition is further illustrated by the following Examples, which in no way 
should be construed as further limiting. ITie entire contents of all of the references (including 
literature references, issued patents, published patent applicadons, and co-pending patent 
15 applications) cited throughout this application are hereby expressly incorporated by reference. 

Examples 

Example 1: Materials and Methods 
1. Materials and Animals 

Mice, All e?q>erimeiits were carried out using female BALB/c mice aged 6-8 weeks with 
20 5-10 mice per expenmental or control group. For intranasal immunizations, mice were lightly 
anaesthetized with Halothane® (Halocarbon Laboratories, River Edge, NJ). 

AcStmmts: Mice were immunized by IN administration of 1 \xg HBsAg (plasma-derived 
HBV S protein, ad subtype, Genzyme Diagnostics, San Carlos, CA), alone or combined with 1 
or 10 Jig of CT (purified fiom Vibrio cholerae, Sigma, St Louis, MO), LT (purified from 
25 Escherichia colU Sigma), CTB (purified from Vibrio cholerae, Sigma), LTK63 (mutant of LT 
bearing an Ser - Lys at position 63, generously provided by Dr. Rino Rappuoli, IRIS, Ouron 
S.p.A^ Italy) and/or CpG ODN (5'-TCCATGAeeTTCCTOA£STr-3', CpG ODN #1 826 SEQ 
ID NO. 90) or non-CpG control ODN (5TCCAGGACTTCTCTCAGGTr-3', CpG ODN #1982 
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SEQ ID NO. 91) (Hybridon Specialty Products, Milford, MA). Tlie axrdgen and adjuvant(s) were 
made to a total volume of 1 50 |il with 0.1 5 M NaCl, and were administered by IN inhalation. 
ODN were resuspended m 1 0 mM Tris (pH 7.0), 1 mM EDTA for storage at +4EC before dilution 
into saline for immunization. LPS level in ODN vm undetectable (< Ing/mg) by Limulus assay 
5 (Whittaker Biopioducts, Walkersville, MD). 

2. Mucosal Immunuation 

Each animal was immunized with 1 or 10 Fg plasma-derived HBV S protein (HBs^ ad 
subtype, Genzyrae Diagnostics, San Carlos, CA), ^v^iiich was administered alone or m 
combination with 1 or 10 fig of CT or LT or derivative of th^ and/or CpG oligotuicleotide 
10 #1826. The derivatives ofCT were the Bsubunit of CT(CTB). The detoxified derivatives of 
LT were all produced by genetic mutations that afifected the A subunit or enzymatic activity and 
included LTK63, All vwxanes were delivered in a total volume of 1 50 //l, which was applied as 
droplets directly over both external nares of lightly anaesthetized mice. Some mice were boosted 
in the identical manner at 8 weeks after prime. All experimental groups contained 5 or 10 mice, 

15 3. Collection of samples 

Plasma: Plasma was recovered from mice at various times aftar immunization (1» 2, 4 and 
8 wk post-prime and 1 , 2 and 4 post-boost) by retro-orbital blading and stared at -20°C until 
assayed. 

Fecal pellets: Fecal pellets were collected fix)m mice at various times after immunization 
20 (1, 2, 4 and 8 wk post-prime and 1, 2 and 4 v4c post-boost). Mice were isolated m individual 
cages without bedding for a 24 hr period, following vMch fecal pellets were collected and 
weighed into 0-1 mg aliquots. One ml TBS (0.05 M Tris-HCl, 0.15 M NaCl, pH 7.5) and 0.1 Fg 
sodium azide (Sigma) w^ added per 0.1 mg of fecal material. Samples were allowed to 
rdiydrate for 30 niin at RT, then were centrifiiged at 6000 rpm for 15 miiL to remove 
25 and supematants were collected and stored at -20E C until assayed for S-IgA by EUSA. 

Lung washes : Lung washes were carried out on mice 4 wk after primary immunization 
or boost A 0.33 cc Insulin syringe with a 2961/2 needle attached (Becton Didk^on, Franklin 
Lakes, N J) was used for canying out lung washes. One ml TB S was drawn iato the syringe and 
alengthof polyethylene (PE) tubing that was 1 cm longer than the needle was attached (PE20> 
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ID = 0.38 mm, Becton Diddnson). Hie mouse was killed by anesthetic overdose and the trachea 
was immediately exposed through an anterior midline incision made using fine-tipped surgical 
scissors (Fine Science Tools Inc., North Vancouver, BQ. A small incision was then made in the 
trachea and a clamp (Fine Science Tools Inc., North Vancouver, BC) was placed above it. The 
PE tubing was passed a few mm down the trachea through the incision and a second clan^ was 
placed just below the incision to hold the PE tubing in place in the trachea. Hie TBS solution was 
slowly instilled m the lungs then withdrawn three times (80% recovery expected). Recovered 
samples were centrifuge at 13,000 ipmfor 7 nm, andthe siqjematants weie collected and stored 
at -20E C until assayed by ELIS A, 

4. Evaluation of immune responses 

Systemic humoral response: HBsAg-specific antibodies (auti-HBs) m the mouse plasma 
were detected and quantified by end-point dilution ELIS A assay (in triplicate) for individual 
animals as described previously (Davis et oL, 1998). Briefly, 96-well polystyrene plates (Coming) 
coated overnight (RT) with plasma daived HBsAg particles (as used for hnmunization) (1 00 Fl 
of 1 Fg/ml in 0.05 M sodium carbonate-bicarbonate bxiffer, pH 9,6) were incubated wth the 
plasma for 1 hr at 37 E C. Captured antibodies were then detected with horseradish peroxidase 
(HRP)-corgugated goat anti-mouse IgG, IgGl or IgG2a (1 :4000 in PBS-Tween, 10% PBS: 100 
FlAvell; Southern Biotechnology Inc., Birmingham, AL), followed by addition of o- 
phenylenediamme dihydrochloride solution (OPD, Sigma), 100 Fl/well, for 30 mm at RT inthe 
dark. The reaction was stopped by the addition of 4 N H2SO4, 50 Fl/well. 

End-point dilution titers were defined as the highest plasma dilution that resulted in an 
absorbance value (OD 450) two times greater timn that of non-unmune plasma, witii a cut-oflF 
value of 0.05. Anti-HBs titro of responding mice (endpoint titers > 10) were expressed 
SEM of individual animal values, \^ch were thonselves the average of triplicate assays. 

Mucosal humoral response: This was carried out on fecal siqjematants or recovered lung 
washes as for plasma (above) except samples were incubated on coated plates for 2 hr at 3 7°C and 
captured antibodies were detected witii HRP-conjugated goat anti-mouse IgA (1:1000 in PBS- 
Tween, 10% PBS: 100 Fl/well; Soutiiem Biotechnology Inc). Non-immune fecal pellet or lung 
wash solutions were used to detennine negative control values. For lung wash solutions, anti-HBs 
endpoint dilution titers were reported (as described above), whereas for fecal pellet solutions, 
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absoibance values (OD 450) greater than (hat of non-umnune fecal pellet solution were calculated 
and expressed as mean SEM of individual OD 450 values, vs^ch were themselves the average 
of triplicate assays. 

Evaluation of CTL responses: Spleens were rempved from mice 4 v/k after primary 

5 immunization or boost. In vitro assay of HBsAg-spedfic cjrtolytic activity was carried out as 
previously described (Davis et a/., 1998). In hriej^ single cell suspensions were prepared and 
suspended in tissue culture medium (RPMI 1640, 10 % FBS, Life Technologies, Grand Island, 
NY, supplemented with peniciUin-streptomycin solution, 1000 U/ml, Img/ml final concentrations 
respectively, Sigma). Splenocytes (3 x 10^ were co-cultured for 5 days (37EC, 5% C02) with 

10 1.5x10* syngeneic HBsAg-ejqjressing stimulator cells (P8 1 5-preS, generously provided by F. 
V, Chisari, Scripps Institute, La Jolla, CA) that had been previously inactivated by irradiation 
(20 000 rad). Effector cells were harvested, washed, serially diluted and cultured with 5x10^ 
^^Cr-labeled HBsAg-expressing target cells (P815S) in round bottom 96-well culture plates 
(37EC, 5% C02, 4 hr). Supernatant (100 E) was removed for radiation (gamma) counting. 

} 5 Spontaneous release was determined by incubating target cells vnthout effector ceils and total 
release by addition of 100 Fl 2 N HCl to the target cells. The percent lysis was calculated as 
[(experimratal release - spontaneous reiease)/(total release - spontaneous release)] x 100. The 
percent specific lysis was calculated as % lysis with P815S - % lysis with P815 cells. CTL 
activity for resporufing mice \% specific lysis > 10 at effectontarget (E:T) of 25: 1] w^ expressed 

20 as mean SEM of individual animal values, vMdti w^ themselves the average of triplicate asss^ 

5. Statistical anafysis 

Data were analyzed using the GraphPAD InStat program (Graph PAD Sofhvare, San 
Diego). The statistical significance of the difference between two groups was determined fiom 
the nieazis and standard deviations by Studeixt's 24ailed ^test and bet^^ 
25 by 1-fector analysis of variance (ANOV A) followed by Tukey 's test for multiple range testing. 
Differences were considered to be not significant with p > 0.05. 
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Example 2. Systemic humoral responses after mucosal immunization 

BALB/c mice immunized on a single occasion by IN inhalation of HBsAg without 
adjuvant did not have any detectable anti-HBs IgG antibodies in Aeir plasma with I HBsAg 
and only extremely low titers (<20) in a few mice with 1 0 of antigen (Figure 1). 

In contrast, titers of anti-HBs IgG were considerably greater when HBsAg was 
administered in combination with either CpG oligonucleotide or CT as adjuvant (Figure 1). Wifli 
a low dose of adjuvant (1 \xg) and either a low or high dose of antigen (1 or 10 (ig HBsAg), CpG 
oligonucleotide was found to be equivalent to CT for induction of plasma anti-HBs IgG (p = 0.73 
with 1 \ig HBsAg, and 0.13 with 10 ^g HBsAg), CpG oligonucleotide and CT were also 
equivalent with a higji dose of adjuvant (10 ng) and high dose of antigen (10 \ig HBsAg) (p = 
0.08), however with a lower dose of antigen, the higher dose of CT was superior to the CpG 
oligonucleotide (p = 0.01) (Figure 1). These results indicate that CpG oligonucleotide is 
essentially equal to CT for enhancement of systemic immunfi responses with mucosal ddivery 
(IN) of a protein antigeiL 

A combined low dose of CpG oligonucleotide and CT (1 ^g of each) gave a better 
systemic humoral response than 10 \ig CpG oligonucleotide alone (p ~ 0.01) and was equal to that 
with 1 0 |ig CT alone (p = 0.22), \^en added to a 1 fig dose of HBsAg. FurthOTnore, with a 10 
{ig dose of HBsAg, the combined adjuvants (1 |xg each) iruluced anti-HBs IgG titers as high as 
those with 10 fig of either adjuvant alone (CT, p = 027; CpG oligonucleotide, p « 0*09) (Figure 
1). These finding indicate that CpG oligonucleotide can act synergistically with CT when 
administ ered to mucosal tissue to induce strong systemic humoral responses, and thereby permit 
a lower dose of adjuvant to be administered. 

Antibody titers were further mcreased aboxit 10-fold by boosting at S vrfcs. Post-boost 
titKS of plasma IgG wore equivaloit for CT and CpG oligonucleotide used alone, and were 5-10 
times higheir than that wifli both adjuvants togetiier (Figure 2). These results indicate that the 
adjuvant effect of CpG oligonucleotide alone or in combination with CT can be enhanced by 
boosting. 

Evaluation of plasma for IgG antibody isotypcs after a single mucosal immunization 
showed predominantiy IgGl antibodies (Th2-like) witii CT and mixed IgGlAgG2a antibodies 
(ThO) with CpG oligonucleotide alone or in combination with CT. The proportion of IgG2a 
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isotype of antibodies, was about 10-times greater with CpG ODN than CT, mdicating a greater 
Thl influence of CpG ODN compared to CT. Furthennore, the combination of CpG ODN and 
CT gave a 50-times higher IgG2a:IgGl ratio than CT alone (Figure 3). Following boost, anti- 
HBs Wiere still predominantly IgGl with CT and mixed with CpG oligonucleotide, ahhough in 
5 the latter case, the proportion of IgG2a was now higher. Suiprismgly, plasma anti-HBs after boost 
with CpG oligonucleotide and CT were now predominantly IgG2a (Th-1 like) (Figure 3). These 
findings indicate that CpG oligonucleotide as a mucosal adjuvant stimulates a llil-Uke response, 
even in the presence of a strong Th2-like adjuvant like CT. 

Similar results were found ^^4ien LT was used in place of CT (Figure 7, Tables 2 and 3). 

10 CT and LT, which are dosdy related with considerable structural and functional homology, are 
both too toxic for use in humans. Howeverthere are a number of derivations of CT and LT that 
retain some adjuvant activity yet are much less toxic. One example is the B-subunit of CT (CTB) 
vAaxii is noxi-toidc ance the toxicity is associated vwth ttie A subunit Anotha: example is LTK63 , 
a genetically detoxified mutant of LT whh no toxic en2ymatic activity. Although these adjuvants 

15 are being used in human clinical trials, neither was a strong as CpG ODN for induction of 
systemic immunity (serum IgG) when each was used at 1 /zg (Figure 7). There was also a 
synergistic e&ct when CpG ODN and CTB or LTK63 were used together, however this was 
more noticeable for Thl -bias than for strength of the antibody response (Figure 7 and Table 2). 

Example 3: Systemic CTL responses after mucosal immunization 

20 Only low levels of CTL were induced with HBsAg alone, however the addition of citiier 

CpG oligonucleotide or CT significantly increased HBsAg-spedfic CTL activity. CTL responses 
were equivalent for CT and CpG oligonucleotide, regardless of dose. However, a combination 
of CT and CpG oligonucleotide (1 jig of eadi) increased CTL responses jq>proximately two-fold, 
(Figure 4). 
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Example 4: Mucosal humoral responses after mucosal immunization 

No anti-HBs S-IgA were detected in lung washes of mice immunized with 1 or 10 (ig 
HBsAg alone. Nor were anti-HBs IgA detected with flie low dose of antigen combined with a low 
dose (1 fig) of either CpG oligonucleotide or CT or with a high dose of CpG oligonucleotide; only 
5 low titers were detected with low dose antigen and high dose CT (Figure 5), However -when low 
doses of both CpG oligonucleotide and CT (1 fig each) were used together with the low dose of 
antigoi, significant levels of HBsAg-specific S4gA could be detected in lung washes (Figure 5). 

With a higher antigen dose (10 ng), S-IgA was detected m lung washes of mice 
administered the either low or high doses of CT and/or CpG oligonucleotide. Titers of IgA were 

10 significantly higher with 1 jig of the two adjuvants together than with 10 (ig of CT or CpG 
oligonucleotide alone (p 0.0003 and O.OOOl respectively) (Figure 5). IgA titers increased 
approximately ten-fold after boosting with both adjuvants. Thus CpG oligonucleotide can induce 
specific local mucosal immunity against antigen administered intranasally. Furthermore, similar 
to as was found for systanic response (above) CpG oligonucleotide acts in a synergistic fashion 

1 5 with CT for the induction of mucosal inunuuity. 

IgA was also detected in fecal pellets of mice unmunized with HBsAg and 10 jig CpG 
oligonucleotide. In contrast, only very low levels were detected in mice mMnunized with HB&Ag 
in combination with CT (1 or 10 ng) (Figure 6). Thus, CpG oligonucleotide can mduce mucosal 
immunity at distant mucosal sites. 

20 

Example 5: Mucosal and Systemic Immune Response to other Mucosal Adjuvants 
Systemic immune responses 

IN delivery of HBsAg (1 pg) without adjuvant did not induce detectable anti-HBs IgG 
antibodies m the plasma of any mice (0/15). In contrast, high titers of anti-HBs IgG were mduced 
25 in all mice when HBsAg was administered in combination with CpG, CT or LT as adjuvant 
(Figure 7, Table 2). At a low dose (1 \ig) LT, CT and CpG gave equivalent anti-HBs IgG titers 
(p = 0.22). At a high dose (10 ^ig) CT and LT gave higher titers tiian CpG, however 5/10 mice 
receiving llus dose of LT died witiiin 10 days. No detectable anti-HBs IgG was detected wife a 
low dose (1 ^g) of CTB or LTK63, however a high dose (10 pg) of CTB gave low anti-HBs IgG 
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endpoint ELISA titers and a high dose (10 jig) of LTK63 gave as good levels of anti-HBs IgG 
as a high dose (10 ng) of CpG (p = 0.97) (Figure 7, Tables 2 and 3). 

When used together, QsG and either LT or Cr(l ^g each) appeared to have a synergistic 
effect since anti-HBs titers were S to 10 times higher ttian witii any one of the diree adjuvants 

5 alone (Figure 7). Indeed. CpG plus LT (1 jig each) gave a better response than 10 jig of CpG or 
LT alone (p = 0,007, 0.015 respectively) and the response with CpG plus CT (1 \ig each) was 
equal to that with 1 0 ^g CT alone (p - 0.65). In contrast, there was no synergistic effect with 
LTX63 plus CpG (1 ng eadi) for anti-HBs IgG titers, which were equivalent to those with 1 ^g 
CpG alone (p « 0.40). Surprisingly, CTB plus CpG (1 \ig each) gave lower anti-HBs titers than 

10 1 \ig CpG alone (p « 0.007) (Figure 7). Adjuvant effects with CpG ODN were due to the CpG 
motif rather than a non-specific effect of the ODN backbone since mice immunized with 1 ^g of 
HBsAg plus 10 \ig of non<:pG ODN had no (7/10)or very low (3/10) titers of anti-HBs IgG 
antibodies (data not shown). 

Antibodies were predominantiy IgGl (Th2-like) with CT, CTB and LT and mixed 
15 IgGl/IgG2a (Thl/Tli2) witii LTK63, At a low dose (1 jig) responses witii CpG were mixed 
IgGl/IgG2a(Thl/Th2XbutatahigJierdose(10jig)wOTmoreThl (IgG2a»IgGl). Responses 
were mixed Thl/IM with CT/CpG or CTB/CpG and more TTil witii LT/CpG. At a low dose (1 
(ig each) LTK63/CpG responses were Thl/rh2, but at a higher dose (10 |ig each) w^ more Thl 
(Table 3). Thus coadministration of CpG witii other adjuvants shifted responses towards a more 
20 Thl-like response as indicated by a greater proportion of IgG2a antibodies. 

Mucosal immune responses 

When adjuvants wn^e used alone, only mice receiving LT or LTK63 jbad detectable IgA 
in lung washes, however when CpG ODN was also included \^tii CT or LT a greater number of 
animals responded or titers were higher than with comparable doses alone, suggesting a 
25 synergistic effect CpG alone did not induce IgA. Neitb^ did CTB, alone or combined with CpG 
(Table 3). 

Only a few adjuvants on tiieir own (LT and CpG) induced IgA in die feces, and then only in some 
anunals. No significant IgA was detected witii CT, CIB, LTK63 or non-CpG ODN. CpG and LT 
together resulted in IgA in the feces of a greater proportion of animals than either adjuvant alone 
30 suggesting an additive or syner^stic effect No such effects were evident with other combinations (Table 
3). 
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Table 2: Effect of adjuvant on HBsAg-specific antibody isotypes 
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Tablc 3. EiEfect of adjuvant on HBs Ag*«pccific IgA responses 
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The foregoing written specification is considered to be sufficient to mable one skilled in 
the art to practice the invention. The present invention is not to be limited in scope by examples 
provided, since the examples are intended as a single illustration of one aspect of the invention 
and other functionally equivalent embodiments are withm the scope of the inventioiL Various 
modifications of the invention in addition to those shown and described herein will become 
apparent to 4ose skilled in the art fix)m the foregoing description and M within the scope of the 
appended claims. The advantages and objects of the invention are not necessarily encompassed 
by each embodiment of the invention. 
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1 . A method for inducing a mucosal immune response, comprising: 

administering to a muco^ suz&ce of a subject an e£fective amount for inducing a iitucos^rti 
immune response of an oligonucleotide, having a sequence including at least the follc'vv rjig 
formula: 

s'XjXjCGXjX^y 

wherein C and G are unmethykted, wherein Xj, X2, Xj, and X4 are nucleotides, and 

exposing the subject to an antigen to induce the mucosal immune response^ and whon-Ln 
ttie antigen is not encoded in a nucleic acid vector. 

2. The method of claim 1 » wherein the subject is actively exposed to the antigen. 

3. The method of claim 2, wherein the antigw is delivered to a mucosal surface. 

4. The method of claim 2, wherein the antigen is administered concurrently With j^ht 
oligonucleotide. 

5. The method of claim 2, wherem the antigen is delivered in conjunction with a cuH* >.iia! 
disper^on syst^n* 

6. The method of claim S, herein the colloidal dispersion system is selected from the 
groi^ consisting of macromolecular complexes, nanocapsules, microspheres, beads, mid 
based systems. 

7. The method of cMtn 6, wherein the lipid-based systrai is selected 60m the group 
consisting of oiI*in-*water emulsions, micelles, mixed micelles, and liposomes. 

8. The method of claim 2, further comprising the step of administering a noo- 
oligonucleotide mucosal adjuvant in conjunction with the antigen. 

9. The method of claim S, wh^ein the non-oligonucleotide mucosal adjuvant is selsect ccl 
fix>m the groiq) consisting of cholera toxin, derivatives of cholera toxin, labile toxin, deri vat j ve 4 
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of labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, oU-in-water and other 
emulsion formulations such as MF59, SAF, Montanide ISA 720 and PROVAX, PCPP polymers, 
andlSCOMS. 

1 0. The method of claim 1 , wherein the subject is passively exposed to the antigen. 

1 1 . The method of claim 10, whwem the subject is a subject at risk of developing an 
allergic reaction. 

12. The method of claim 10, wherein the subject is a subject at risk of developing an 
infectious disease. 

13. ITie method of claim 1 1, wiierem the subject is at risk of developing cancer. 

14. The metibod of clafan 1, vAerein the oligonucleotide is 8 to 100 nucleotides in length. 

15. The method of clakn 1, wherem the oligonucleotide includes a phosphate backbone 
modification yMch is a phosphorothioato or phosphoiodithioate modification. 

16. The method of claim 15, wherem the phosphate backbone modification occurs at tibe 
5* end of the oligonucleotide. 

17. The mefliod of clahn 15, wherein the phosphate backbone modification occurs at Ihe 
3* end of the oligonucleotide. 

18. The method of clahn 1, vAerem XjXj are nucleotides selected from the group 
consisting of: GpT, C5pG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are nucleotides selected fcom the group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, 
TpC, ApC. CpC, TpA, ApA, and CpA. 

19. The method of claim 1, v^^erein the oligonucleotide has a sequence including at least 
the followit^ formula: 

yTCNTXjX^CGXaX*^ 

\stedn X„ Xz^Xj^ and X^ are nucleotides, N is a nuddc add sequence composed of fiom about 
0-25 nucleotides. 
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20. The method of claim U wherein Uie antigen is selected fiom the group consisting of 
cells, cell extracts, proteins, polyi^ptides, peptides, polysaccharides, polysaccharide conjugates, 
peptide mimics of polysaccharides, lipids, glycolipids, carbohydrates, allergens, viruses and viral 
extracts and muticellular organisms sudi as parasites* 

21. The method of claim 1, wherein the antigen is an allergen. 

22. Hie method of claim 1, herein the antigen is derived fiom an infectious organism 
selected fiom the group consisting of infectious bacteria, infectious viruses, infectious parasites, 
and infectious fungi. 

23. The m^od of claim l,v1iereinttie subject is an asthmatic. 

24. The m^od of claim 1, further comprising adirunistering a cytokine to the subject 

25. The ixiethodofcIaiml,furdier comprising adniinistm^ 

26. The niethod of claim l,wherdn the mucosdirnmuxiity is induced in a rei^ 

27. The method of claim 1, further comprising adnunistering a boost of oligonucleotide. 

28. The mediodofclaim 8, furth^comprismg administering a bo^ 
and the nonK)ligonudeotide mucosal adjuvant 

29. A method for inducmg a mucosal immune response, comprismg 

administering to a mucosal sur&ce of a subject an effective amount for inducing a mucosal 
immtme response of an antigen and a pla^d vector, having a sequence including at least the 
following formula: 

5'X,X2CGX3X4 3' 
wfaotein C and G are unmethylated, wherdn X^X^, and X4 are nucleotides. 
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30. The method of claim 29, wherein the antigen is not encoded in a nucleic acid vector. 

31. The method of claim 29, wherein the antigen is encoded by a nucleic acid vector. 

32. The method of claim 3 1 , wherein the antigen is encoded by the plasmid vector. 

33. The method of claim 29, wherein the plasmid vector includes a nucleic acid sequence 
5 which operatively encodes for a cytokine. 

34. The method of claim 29, v^4i^ein the antigen and the plasmid vector are administered 
orally. 

35. Hie method of claim 29, wh^in the mucosal immunity is induced in a remote site. 

36. The method of claim 29, wherein at least 50^g of the plasmid vector is administered 
10 to the subject 

37. The method of claim 29, further comprising the step of administering a non- 
oligonucleotide mucosal adjuvant in conjunction with the antigen. 

38. He method of claim 37, herein the non-oligonucleotide mucosal adjuvant is selected 
from the group consisting of dhiolera toxin, derivatives of cholera toxin, labile toxin, derivatives 

15 of labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, oil-in-water and other 
canulsion formulations such as MF59, SAP, Montanide ISA 720 and PROVAX, PCPP polymers, 
andlSCOMS. 

39. The method of claim 29, further comprising administering a boost of oligonucleotide. 

40. Ttie method of claim 37, fiirther comprising administering a boost of the 
20 oligonucleotide and the non-oligonucleotide mucosal adjuvant 

41. The method of claim 29, wherein XjXj are nucleotides selected from the group 
consisting of: GpT, GpG, GpA, ApA, ApT, ApG. CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are nucleotides selected from tiie group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, 
TpC, ApC, CpC, TpA, ApA, and CpA. 



25 
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42. The method of claim 29, vrfierein the oligonucleotide has a sequence mcludmg at least 
the following formula; 

5'TCNTX,X2CGX3X4 3* 

\^dbeI:ein Xj, X2.X3 , and X4 are nucleotides, N is a nucleic acid sequwice composed of from about 
5 0-25 nucleotides- 

43. The method of claim 29, v^orein the oligonucleotide is 8 to 100 nucleotides in length. 

44. The method of claim 29, ^^4lerein the oligonucleotide includes a phosphate backbone 
modification which is a phosphorothioate or phosphorodithioate modification. 

45. The method of claim 44, wherein the phosphate backbone modification occurs at the 
10 5* end of the oligonucleotide. 

46. The method of claim 44, wherein the phosphate backbone modification occurs at the 
3' end of the oligonucleotide. 

47. A method for inducing a mucosal immune response, comprising 

administering to a muco^ sur&ce of a subj ect an effective amount for mducing a mucosal 
1 5 immune response of an antigen and of an oligonucleotide, having a sequence including at least 
the following formula: 

5' X1X2CGX3X43' 

whaiein C and G are unmethylated, wherein Xi^Xj, Xa^and X4 axe nucleotides, and herein the 
antigen is encoded by a nucleic acid vector. 

20 48. The miethodofclaim 47, wherein tiie antigen and the ohgoniicleotide are administeied 

orally. 

49. The method of claim 47, wherein the mucosal inunuiuty is induced in a r^n^ 

50. The method of claim 47, wherein at least SOjig of the plasmid vector is administered 
to the subject 
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51. The method of claim 47, further comprismg the step of administering a non- 
oUgonxicleotide mucosal a^uvant in conjunction with the antigen. 

51. The method of claim Sl» wherein the non-oUgonucleotide mucosal adjuvant is selected 
from the group consisting of cholera toxin, deriwtives of cholera toxin, labile toxin, derivatives 
5 of labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, oil-in-water and other 
emulsion formulations such as MF59, SAF, Montanide ISA 720 and PROVAX, PCPP polymers, 
andlSCOMS. 

53. The method of claim 47, further comprising administering a boost of oligonucleotide. 

54. The method of claim 47, further con:q)rising administering a boost of the 
10 oligonucleotide and the non-oligonucleotide mucosal adjuvant 

55. The method of claim 47, wherein tiie oligonucleotide has a backbone selected fix>m the 
group consisting of a phosphodiester backbone and a chimeric backbone. 

56. The method of claim 47 wherein the oligonudeotide has a phosphorothioate backbone. 

57. The method of 56 wherein plasniid and oligonucleotides are delivered with a colloidal 
1 5 dispersion system. 

58. The method of 57 wherein the colloidal dispersion system is selected fiom the group 
consisting of macromolecular complexes, nanocapsules, microspheres, beads, and lipid-based 
systems. 

59. The method of 56 whercm plasmid and oligonucleotide are coated onto gold particles 
20 and are delivered with a gene-gun. 

60. The method of claim 47, wherein XjXj are nucleotides selected from the group 
consisting of: GpT. GpG. GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are nudeotides selected from the group consisting of: TpT, CpT, ApT, TpG, Q)G, 
TpC, ApC, CpC, TpA, ^A, and CpA. 

25 61. The method of daim 47, v^dierein the oligonucleotide has a sequence including at least 

the following formula: 
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5' TCNTXjXiCXJXjX; 3' 

^vherm Xi, X2.Xa> and X4 are micleotides, N is a 
0*25 nucleotides. 

62. I1]enifitfu>d(^claim47,\riia:^ 

S 63. The metfaod of daim 47, ^wfaerein tibe oligonucleotide includes a phpisfphatc backbone 

modification v^cfa is a pbogpfaorofliioate or phosphorodittiioate mo di fi cation. 

64. Tt|e metfaod of clmnsi 62, \\Aieran the phosphate backbone modificadon occurs at the 
S* (ESid of the oligonucleotide. 

65; Ilie mediod of claim 62, i^^Aierdn the phosphate backbone modification occurs at the 
10 3! end of the oligonucleotide. 

66. A method fiir inducing a mucosal unmune r^jKmse in a subject, comprising: 

admimstering to a subgect an antig^ az«i an effective amount for inducing a muoo^ 
immuxie response of an oligonucleotide, having a i^quence including at least ti»s foUomog 
fonuuik 

15 5'XiX2CGX3X4 3' 

^v^ioein C and G are unniediy laled^ 

admiiniisteting to tiie subject a honnbne to induce the mucosal ixximune response. 

67. t1iemeQKKlofclaim66,v<Aiereintiiean^ 
to a mucosal sur&ce of the subject 

20 68: Tb6me&odofclaim66,;vvfaexeintiieh(mnoneisadmin^ 

i69. A mettut>d for inducing auinnnune response, comprising 

orally adnunistering to a sufcg ect an effective amount for indudng au inmotune re^lkmse of 
ah oligonucleotide, having a sequence including at least ti^ 
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e)q)Osiiig the subject to an andgen to 
70. The method of clmm6?»^wbeidn 

7L llaeineduHi of tlj^ 69, vtodn&e antig^ is administered simultaneous^ with die 
oligonudcotide. 

72,. The method of claim 69, v^ierein the oligonucleotide is administered in an effective 
amomxt for inducing mucosal immunity. 

73* A medibd for inducing an immune response, conqirising 

orally administering to a subject an eflGBdive amount for indiicing an imn^^^ti^ rfiffpfin<^ 4>f 
a CpG contfidnii^ plamiid, having a sequence including at least the following formula: 

S'XjXjCGXaX^y 

ip*CTdn G and G are unmcthylated, vdiereinXj^Xj, Xa^and X4 are nucleotides, and 

exposdxig the subject tb an antigen to 

_ 74. The mediod of claim 73t x^erdn the andgen i^ 

75* The method of daim 73, i^^ietdn the andg^ is administered simultaneously with the 
, contaioixig plasmid. 

76. The method of clahn 73 , wherdn the oligonucleotide is administoed in an efifa^ye 
amount fi»r inducing mucoid iinmftn^ 

77. Ametfapdforiiidudnganimmimeiespoxise»comprismg 

intranasally admmistering to a subject an effective amount fi»r inducing 
fe^Mjnse of an oUgomicleotide, having a scquaice uicludmg at least the following formula: 
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5'X,X2CGX,X4 3' V? 

vAiercin C and G are lion^ 

78. Tlie method of claim 77, "wdiexem the andgm is administered mtimiasally. 

5 79, ilie mctiM>d ofdaim 

oligonucleotide 

80, The method of claim 77, ^)^dle^ein the oUgomid 
"fln^nimt for inducing mucosal immunity* 

S U A method for mduci^ ■ 

|0 lei^y admmister^ 

of W p^gomlcleotide, havioig a se^^ 

. 5' X| 3^200X5X43' 

vrfiercmCa^ ' ft 

exposing the sulqect to an^a^ 

"IV : ;^ " ■ ^- •■ .: 

8Z The mediod of claim 81, wherdn he antigen is administisied tectedly, 

, 83. The mediod of dann 81, i^Aeimlfae andgmis adnumstered siinultahrously ;wh^ 
:Oligonude^ 

I 84^ The mediod of claim 81, v/bsaxin the oligonucleotide is administered in an efifecdve 

20 aiiunrnt for indudng mucoid immunity. 

85. A mediod for indudng an immune res{Kmse,G^ 

- vi^naUy administoing to a 
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of an oligomicleotide, having a sequence including at least the following formula: 

5'X,X2CGX3X4y 

^axia C and G are umnethylated, wherein Xj^Xj, X3, and X4 arc nucleotides, and 
ei^dng the subject to an antigen to induce tiae imm 
85. The method of claim 85» wherein the antigen is administered vaginally. 

87. Hie method of claim 85, v^raem the antigen is administered simultaneously with the 
oligonucleotide. 

88. The method of claim 85, wherein the oligonucleotide is administered in an effective 
amount for mducing mucosal immunil^. 

89. A method for ioducii^ an immune response, comprising 

ocularly admimstrang to a subject an effective amount jfor inducing an unmune response 
of an oligonucleotide, having a sequence mcluding at least the followmg formula: 

S'XiXaCGXaX*^ 

wherem C and G are unmethylaled, whcrdn Xi^Xj, Xj^and X4 arc nucleoti^ 

esqposing the subject to an antigen to induce the immune resprase. 

90. TbQ method of claim 89. ^^dierdn the antigen is administerad nc iilar ly. 

91 . The method of daim 89, vfbsxwi the antigwis admixustered sdmultaneously with tfaei 
oligonucleotide. 

92. The niethod of claim 89, wham fte oligonucleotide is 
amount for indudng mucosal immunity. 

93. A method for indudng a systemic immune response, comprising 
administermg to a mucosal surfece of a subject an effective amount for mdudng a systanic 
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irnmime response of an oligonucleotide, having a sequence including at least the following 
formula: 

5'X,X2CGX3X4 3' 

wherein C and G are unmethylated, wherein X]^ X2, X^^ and X4 are nucleotides, and 

5 administmng to tiie mucosal surface of the subject an antigen to induce the systemic 

inmiune response, 

94. The method of claim 93, v/berein the antigen is delivered in conjunction with a 
colloidal dispersion system. 

95. The method of claim 94, wherein the colloidal dispersion system is selected from tiie 
10 groiq) consisting of macromolecular complexes, nanocapsules, microspheres, beads, and lipid- 

based systems. 

96. The method of claim 9S, v^erein tiie lipid-based system is selected fiom the group 
consisting of oil-in-water pulsions, micelles, mixed micelles, and liposomes. 

97. The metiiod of claim 93, fiirtiier comprising the step of adnunistering a non- 
15 oligonucleotide mucosal adjuvant in conjunction with the antigen and the oligonucleotide. 

98. The method of claim 97, wherein the non-ohgonucleotide mucosal adjuvant is selected 
from the group consisting of dbiolera toxin, derivatives of cholera toxin, labile toxin, doivatives 
of labile toxm, Blum, MLP, MDP, saponins such as QS21, cytokines, oil-in-water and otiier 
emulsion formulations such as MF59, SAP, Montanide ISA 720 and PROVAX, PCPP polymers, 

20 andlSCOMS. 

99. The method of claim 93, v^^rein the oUgonucleotide is 8 to 100 nucleotides in length. 

100. The method of daim 93, ^^4ia:ein tiie oligonucleotide includes a phosphate backbone 
modification which is a phosphorothioate or phosphorodiihioate modificatioiL 

101. The metiiod of claim 100, wherem the phosphate baciklK)rie modification 0 
25 S* end of the oligonucleotide. 

102. The metiiod of claim 100, v^erein tiie phos^diate backbone modification occurs at the 



wo 99/61056 

3* end of the oligonucleotide. 



-84- 



PCT/US99/113S9 



103. The method of claim 93, wherein X^Xj are nucleotides selected 6om the group 
consisting of: GpT, GpG, GpA and ApA and X3X4 aie nucleotides selected from the group 
consisting of: TpT, CpT or TpC. 

104. The method of claim 93, wherein the oligonucleotide has a sequence including at least 
the following formula: 

S'TCNTXjXaCGXaX^S* 

whexdn Xi, X2,X3^ and X4 are nucleotides, N is a nucleic acid sequence composed of from about 
0-25 nucleotides. 

1 05. The method of claim 93, wherein the antigen is selected from the groiqi consistmg of 
cells, cell extracts, proteins, polypeptides, peptides, polysaccharides, polysaccharide conjugates, 
peptide mimics of poiysacdjarides, lipids, glycolipids, carbol^drales, allergens, viruses and viral 
extracts and muticellular organisms such as parasites. 

1 06. The method of claim 93, wherein the antigen is an allergen. 

107. Tlie method of claim 93, v^erem the antigen is derived from an infectious organism 
selected from the gtoiq) consisting of infectious bacteria, infectious viruses, infectious parasites, 
and infectious fimgi. 

108. The method of claim 93, vdierein the antigen is not encoded in a nucleic acid vector, 
and A^liraein the antigen does not produce a systmic immune response wh^ administ^:ed to the 
mucosal surface alone. 

109. A metiiod for inducing a systemic immime response, comprising 

administering to a mucosal surfece of a subject an efiFective amount for ^ 
iirmiune response of a combfaiation of a non-oligonucleotide mucosal adjuvant and an 
oligonucleotide, having a sequence includmg at least tiie following formula: 

5'XiX2CGX3X4 3* 
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wherein C and O are unmethylated, vdiercin Xj, X2, Xj^ and X4 are nucleotides, and 
exposing the subject an antigen to mduce the systemic immune response. 

110. The method of daim 109, >^1ietein Ihe subject is actively e}q)osed to the antigen and 
wherein the antigen is delivered in conjunction with a colloidal dispersion system. 

111. The method of claim 110, A^dierein the colloidal dispersion system is selected fiom 
the group consisting of miacromolecular conq)iexes, nanocapsules, microspheres, beads, and lipid- 
based systems. 

112. The method of claim 111,whereui the lipid-*based system is selected &om the group 
consisting of oil-in-wator emulsions, micelles, mbced micelles, and liposomes. 

113. The method of claim 110, wherein the antigen is delivered to a mucosal sur&ce. 

1 14. The method of claim 113, wherein the non-oligonucleotide mucosal adjuvant is 
selected from the group consisting of cholera toxin, derivatives of cholera toxin, labile toxin, 
derivatives of labile toxm, alum, MLP, MDP, saponins sudi as QS21, cytokines, oil-in-wato and 
otiier emulsion formulations such as MF59, SAP, Montanide ISA 720 and PROVAX, PCPP 
polymers, and ISCOMS. 

lis. The method of claim 109, wherein the oligonucleotide is 8 to 100 nucleotides in 
Imgtfa. 

116. The method of claim 109, ^erem the oligonucleotide includes a phosphate backbone 
modification vMch is a phosphorothioate or phosphoroditfaioate modificatioa 

117. The method of claim 11 6, ^^lerein the phosphate backbone modification occurs at 
5' end of the oligonucleotide. 

118. The method of claim 1 16, vtedn the phosphate badcbone modification occurs at the 
3* end of the oligonucleotide. 

119. The method of claim 109, vdierein X^Xj are nucleotides selected fcom the group 
consisting of: GpT, GpG, GpA and ApA and are nucleotides selected from the group 
consisting of: TpT, CpT or TpC. 
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120. The method of claim 109, wherein the oligonucleotide has a sequence including at 
least the following formula: 

S'TCNTXjXjCGXjX^S' 

wherein X|, Xj^Xa^ and X4 are nucleotides, N is a nucleic acid sequence composed of fitom about 
0-25 nucleotides* 

121. The method of claun 109, wherem the antigen is selected from the group consisting 
of cells, ceO extracts, protems, polypeptides, peptides, polysaccharides, polysaccharide 
conjugates, peptide mimics of polysaccharides, lipids, glycolipids, carbohydrates, alleigens, 
viruses and viral extracts and mutioelhilar oi^ganisms sudx as parasites. 

122* The method of claim 109, wherein the antigen is an allergen. 

123. The mefliod of claun 109, wherein the antigen is derived fixm an 
selected fiom the groiq) consisting of infectious bacteria, infectious \iruses, infectious parasites, 
and infectious fungi. 



124. The method of claim 109, wherein the antigen is not encoded m a nucleic acid vector. 
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SEQUEPrCE LISTING 

<110> Ottawa Civic Hospital Loeb Research Institute 

<120> Methods and Products for Inducing 
Mucosal Immunity 

<130> C1040/7006WO/HCL 

<150> US 60/086,333 
<151> 1998-0S-21 

<160> 95 

<170> FastSEQ for Windows Version 3.0 

<210> 1 
<211> 15 

<2i2> imn 

<213> Artificial Sequence 

<400> 1 
gctagacgtt agcgt 

<210> 2 
<211> 15 
<212> DNA 

<213> Artificial Sequence 

<400> 2 
gctagatgtt agcgt 

<210> 3 
<211> 15 
<212> DHA 

<213> Artificial Sequence 
<220> 

<22l> modified_base 
<222> (7) (7) . 
<223> mSc 

<400> 3 
gctagacgtt agcgt 

<210> 4 
<211> 15 
<212> 3DNA 

<213> Artificial Sequence 
<220> 

<22X> inodified^base 
<222> (13) . . . (13) 
<223> m5c 
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2 



<400> 4 
gctagacgtt agcgt 



15 



<2iq> 5 

<211> 15 
<212> DKA 

<213> Artificial Sequence. 
<400> 5 

gcatgacgtt gagct is 

<210> 6 
<211> 20 
<212> D£ZA 

<213> Artificial Sequence 



<210> 7 
<211>; 20 
<212> DNA 

<213> Artificial Sequence 
<400> 7 

atcgactctc gagcgttctc 20 

<210> e 
<211> 20 
<212> WA 

<213> Artificial Sequence 
<220> 

<221> modif iedjaase 
<222> (3)... (3) 
<223> mSc 



<210> 9 
<211> 20 
<212> SNA 

<213> Artificial Sequence 
<220> 

<22l> modifiedjbase 
<222> (18)... (16) 
<223> mSc 

<400> 9 

atcsgactctc gagcgttctc 20 



<40p> € 
atggaaggtc cagcgttctc . 



20 



<400> 8 
atcgactctc gagcgttctc 



20 



<210> 10 
<211> 20 
<212> I3HA 
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<213> Artificial Beguence 

<400> 10 
atggaaggtc caaegttctc 

<210> 11 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 11 
gagaacgctg gaccttccat 

<210> 12 
<211> 20 
<212> D»A 

<213> Artificial Sequence 

<400> 12 
gagaacgctc gaccttccat 

<210> 13 
<211> 20 
<212> Wh 

<213> Artificial Sequence 

<400> 13 
gagaacgctc gaccttcgat 

<210> 14 
<211> 20 
<212> Wk 

<213> Artificial Sequence 
<220> 

<22l> modified Jbase 
<222> (14) (14) 
<223> mSc 

<400> 14 
gagaacgctg gaccttccat 

<210> 15 
<211> 20 
<212> BNA 

<213> Artificial Sequence 

<400> 15 
gagaacgatg gaccttccat 

<210> 16 
c211> 20 

<2i2> im 

<213> Artificial Sequence 



<40Q> 16 
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4 



gagaacgctc cagcactgat 



20 



<210> 17 
<2X1> 20 
<212> ENA 

<2X3> Artificial Sequence 
<400> 17 

tccatgtcgg tcctgatgct 20 

<210> 18 
<2ll> 20 
<212> Wh 

<213> Artificial Seqaeace 
<220> 

<221> iaodified_l>GU3e 
<222> (12) ...(12) 
<223> msc 

<400> 18 

tccatgtcgg tcctgatgct 20 

<210> 19 
<:211> 20 
<212> rOflCAL 

<213> Artificial Sequence 
<400> 19 

tccatgacgt tcctgatgct 20 

<210> 20 
<211> 20 
<212> isaA 

<213> Artificial Sequence 
<400> 20 

tccatgtcgg tcctgctgat 20 

<210> 21 
<2li> 8 
<212> CiNA 

<213> Artificial Sequence 



<210> 22 
<:211> 8 
<212> CSSA 

<213> Artificial Sequence 
<400> 22 



<400> 21 



toaacgtt 



8 



tcagcgct 



8 



<210> 23 
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<211> 8 
<2X2> DNA 

<213> Artificial Sequence 

<400> 23 
tcatcgat 

<210> 24 
<211> 8 
<212> DNA. 

<2X3> Artificial Sequence 

<400> 24 
tcttcgaa 

<210> 25 
<211> 7 
<212> DNA 

<213> Artificial Sequence 

<400> 25 
caacgtt 

<210> 26 
<211> 8 
<212> DNA 

<213> Artificial Sequence 

<400> 26 
ccaacgtt 

<210> 27 
<211> 8 
<212> DNA 

<213> Artificial Sequence 

<400> 27 
aacgttct 

<210> 28 
<211> 8 
<212> DMA 

<213> Artificial Sequence 

<400> 28 
tcaacgtc 

<210> 29 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 29 
atggactctc cagcgttctc 
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8 



e 



7 



8 



8 



8 



20 



<210> 30 
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<211> 20 
<212> DWA 

<213> Artificial Sequence 
<400> 30 

atggaaggtc caacgttctc 20 

<210> 31 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 31 

atcgactctc gagcgttctc 20 

<210> 32 
<211> 20 
<212> D13A 

<213> Artificial Sequence 
<400> 32 

atggaggctc catcgttctc 20 

<210> 33 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modified_base 
<222> (14) . , . (14) 
<223> mSc 

<400> 33 

atcgactctc gagcgttctc 20 

<2L0> 34 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modified^base 

<222> (18)... (18) 
<223> mSc 

<400> 34 

atcgactctc gagcgttctc 20 

<210> 35 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 35 
tccatgtcgg tcctgatgct 



20 



wo 99/61056 



PCTAJS99/11359 



-7- 

<210> 36 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 36 
tccatgccgg tcctgatgct 

<210> 37 
<2X1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 37 

tccatggcgg tcctgatgct 20 

<210> 38 
<211> 20 
<2X2> DBA 

<213> Artificial Sequence 
<400> 38 

tccatgacgg tcctgatgct 20 

<210> 39 
<211> 20 
<212> I3NA 

<213> Artificial Sequence 
<400> 39 

tccatgtcga tcctgatgct 20 

<210> 40 
<211> 20 
<212> DHA. 

<213> Artificial Secfuence 
<400> 40 

tccatgtcgc tcctgatgct 20 

<210> 41 . 
<211> 20 
<2X2> BNA 

<213> Artificial Sequence 
<400> 41 

tccatgtcgt ccctgatgct 20 

<210> 42 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 42 
tccatgacgt gcctgatgct 



20 
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<210> 43 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 43 

tccataacgt tcctgatgct 20 

<210> 44 
<211> 20 

<2i2> ma 

<213> Artificial Sequence 
<400> 44 

tccatgacgt ccctgatgct 20 

<210> 45 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 45 

tccatcacgt gcctgatgct 20 

<210> 46 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 46 

ggggtcaacg ttgacgggg 19 

<210> 47 
<211> 19 
<212> DTSm 

<213> Artificial Sequence 
<400> 47 

ggggtcagtc gtgacgggg 19 

<210> 4B 
<211> 15 
<212> miA 

<213> Artificial Sequence 
<400> 48 

gctagacgtt agtgt 15 

<210> 49 
<211> 20 
<212> DNA 

<213> Artificial Secnience 



<400> 49 
tccatgtcgt tcctgatgct 



20 
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<210> 50 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 50 

accatggacg atctgtttcc cctc 24 

<210> 51 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<400> 51 

tctcccagcg tgcgccat 18 

<2X0> 52 
<211> 24 
<212> DKA 

<213> Artificial Sequence 
<400> 52 

accatggacg aactgtttcc cctc 24 

<210> 53 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 53 

accatggacg agctgtttcc cctc 24 

<210> 54 
<211> 24 
<212> BMA 

<213> Artificial Sequence 
<400> 54 

accatggacg acctgtttcc cctc 24 

<210> 55 
<211> 24 
<212> DKA 

<213> Artificial Secfuence 
<400> 55 

accatggacg tactgtttcc cctc 24 

<2io> 56 
<211> 24 
<212> miA 

<213> Artificial Sequence 



<400> 56 
accatggacg gtctgtttcc cctc 



24 
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<210> 57 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 57 

accatggacg ttctgtttcc cctc 24 

<210> 58 
<211> 15 
<212> DNA 

<213> Artificiea sequence 
<400> 5B 

cacgrttgagg ggcat 15 

<210> 59 
<211> 12 
<212> I3NA 

<213> Artificial Sequence 
<400> 59 

tcagcgtgcg cc ^ 

<210> 60 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 60 

atgacgttcc tgacgtt I*' 

<210> 61 
<211> 17 
<212> DKA 

<213> Artificial Sequence 
<400> 61 

tctcccagcg ggcgcat 17 

<210> 62 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 62 

tccatgtcgt tcctgtcgtt 20 

<210> 63 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 63 
tccatagcgt tcctagcgtt 



20 
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<210> 64 
<211> 21 
<212> DNA 

<213> Artificial Sec[uence 
<4aO> €4 

tcgtcgctgt ctccccttct t 21 

<210> 65 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 65 

tcctgacgtt cctgacgtt 19 

<210> 66 
<211> 19 
<212> DNA 

<213> Artificial Sequence 



<210> 67 
<211> 20 
<2X2> DNA 

<213> Artificial Sequence 
<400> 67 

tccatgtcgt ttttgtcgtt 20 

<210> 68 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 69 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 69 
tccttgtcgt tcctgtcgtt 

<210> 70 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 66 
tcctgtcgtt cctgtcgtt 



19 



<400> 68 
tcctgtcgtt ccttgtcgtt 



20 



<400> 70 
tcctgtcgtt ttttgtcgtt 



20 
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<210> 71 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 71 

tcgtcgctgt ctgcccttct t 21 

<210> 72 
<211> 21 
<212> DKCV 

<213> Artificial Sequence 
<400> 72 

tcgtcgctgt tgtcgtttct t 21 

<210> 73 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 73 

tccatgcgtg cgtgcgtttt 20 

<210> 74 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 74 

tccatgcgtt gcgttgcgtt 20 

<210> 75 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 75 

tccacgacgt tttcgacgtt 20 

<210> 76 
<211> 20 
<212> DHA 

<213> Artificial Sequence 
<400> 76 

tcgtcgttgt cgttgtcgtt 20 

<210> 77 
<211> 24 
<212> VStA 

<213> Artificial Sequence 



<400> .77 
tcgtcgtttt gtcgttttgt cgtt 



24 
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<210> 78 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 78 

tcgtcgttgt cgttttgtcg tt 22 

<210> 79 
<211> 21 
<212> DMA 

<213> Artificial Sequence 



<2lO> 80 
<211> 21 
<212> DKA 

<213> Artificial Sequence 
<400> 80 

tgtcgtttgt cgtttgtcgt t 21 

<210> 81 
<211> 25 
<212> DNA 

<213> Artificial Sequence 



<210> 82 
<211> 19 
<212> DHA 

<213> Artificial Sequence 

<400> 82 
tgtcgttgtc gttgtcgtt 

<210> 83 
<211> 14 
<212> mA 

<213> Artificial Sequence 

<400> 83 
tcgtcgtcgt cgtt 

<210> 64 
<211> 13 
<212> DHA 

<213> Artificial Sequence 



<400> 79 
gcgtgcgttg tcgttgtcgt t 



21 



<400> 81 
tgtcgttgtc gttgtcgttg tcgtt 



25 



<400> 84 
tgtcgttgtc gtt 



13 
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<210> 85 
<211> 20 
<212> Did 

<213> Artificial Sequence 
<400> 85 

tccatagcgt tcctagcgtt 20 

<210> 86 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 86 

tccatgacgt tcctgacgtt 20 

<210> 87 
<211> 6 
<212> DMA 

<213> Artificial Sequence 
<400> 87 

gtcgyt ^ 

<210> 88 
<211> 7 
<212> DNA 

<213> Artificial Sequence 
<400> 88 

tgtcgyt 7 

<210> 89 
<211> 18 
<212> miA 

<213> Artificial Sequence 
<400> 89 

agctatgacg ttccaagg 18 

<210> 90 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 90 

tccatgacgt tcctgacgtt 20 

<210> 91 
<211> 20 
<212> mA 

<213> Artificial Sequence 



<400> 91 
tccaggactt ctctcaggtt 



20 
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<210> 92 
<211> 20 
<212> DRA 

<213> Artificial Sequence 
<400> 92 

atcgactctc gaacgttctc 20 

<210> 93 
<211> 20 
<212> DMA 

<213> Attificial Sequence 
<400> 93 

tccatgtcgg tcctgacgca 20 

<210> 94 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 94 

tcttcgat 8 

<210> 95 
<2X1> 20 

<2i2> rm 

<213> Artificial Sequence 



<400> 95 
ataggaggtc caacgttctc 
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METHODS AND PRODUCTS FOR INDUCING MUCOSAL IMMUNITY 

Field Of The Invention 
The presedt invention lelates methods and products for inducing mucosal immunity. 
In particular, the inveation relates to the use of immunostimulfltoty oligonucleotides 
containing a CpG motif alone or in combination with other mucosal adjuvants for inducmg 
mucosal immunity* 

Backgronnd Of The Invention 

Two distinct compartm%ts of the immune system have bera identified: Q) the 
systemic, vAAch con:q}rises the bone marrow, spleen and iynipb nodes, and (ii) the mucosal, 
vMch comprises lymphoid tissue associated with mucosal surfitces and external secretory 
glands (McGhee et aU 1992). Mucosal surfaces are associated with the gastrointestinal (GI), 
genitourinary (GU) and respiratory tracts. Each conq)artment is assodated with both humoral 
(antibodies) and cell-mediated (cytotoxic T-cells) responses, however there are difTerences in 
flie nature of tiie immune responses mduced in each contqsartment Antibodies associated with 
the systemic compartment are predominantly of the IgG isotype, which function to noitralize 
pathogens in &c circulatory syst^n. In contrast, antibodies in Ae mucosae are primarily 
secretory IgA (S-IgA), which function to prevent entry of the paOiogen into the body via the 
mucosal surface (Lamm et d., 1 992). Systemic immunity cannot prevmt entry of pathogenic 
organisms at mucosal sur&ces. 

Successful systemic immunization delivery of antigen to the systemic 
compartment) will induce systemic immunity but does not usually yield mucosal immune 
responses. In contrast, antigen delivered at mucosal sur&ces triggers both mucosal (at local 
and sometimes at distant sites) and systemic responses (Haneberg et aL, 1 994, Gallichan and 
Rosentiial, 1995). 

Most vaccines developed to date are delivered parenterally, for exan^le by 
intramuscular (IM) or intradermal (ID) injection, and as such induce primarily systemic 
immimity. However, the combined mucosal sui&ce area is more than 200 times greater than 
that of the skin and is the primary site of transmission of numerous infectious diseases. 
Therefore, current vaccination strategies permit the pathogen to enter the body and only fight 
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it once it is in circulation. Infection and morbidity rates could be reduced if effective mucosal 
inununiiy could be induced. Furthermore^ there is evidence that mucosal vaccines may have a 
broado* age range of recipients. Finally, mucosal vaccines are often administered by non- 
invasive means (e.g., nose drops, nasal spmy, inhaled nebulizer), thus they are easier and less 
expensive to administer, have less need for tramed personnel and no risk of needle stick injuxy 
or cross contamination (for reviews see Mestecky et a/., 1992, Staats et al,, 1994, OJHagan 
1994). 

As mentioned above, the hallmark of mucosal immunity is local production of S-IgA 
antibodies. These constitute > 80% of all antibodies in mucosae-assodated tissues and are 
induced, transported and regulated by mechanisms quite distinct fiom those of the systemic 
response. IgA is of primary importance to the host defense because it acts not only to resist 
strict mucosal pathogens but also of the many microorganisms which initially colonize 
mucosal sur&ces but subsequently cause systemic disease. There appear to be three sites of 
IgA mediated mucosal defense: (i) in the lumen, where S-IgA can neutralize viruses, bacterial 
toxins and enzymes, and act as a mucosal barrier to prevent viral attachment, microbial 
adherence and adsorption of antigen; (ii) within epithelial cells v^iere dimeric IgA can bind to 
intracellular antigen; (iii) i^tiiin the lamina propria ^ere dimeric IgA can complex with 
antigen and the immune complex thus formed transported to the himen (Lamm et al, 1992). 

Many vaccines in development are composed of synthetic or recombinant antigens 
(peptides or polypeptides). These are considered safer than traditional atteniiated or 
inactivated whole pathogens, however they are often poorly immunogenic and require 
adjuvants to enhance specific immunity. For systonic administration, aluminum precipitates 
(alum) may be added to the antigens to augment inmiune responses. Alum is cunen% the 
only adjuvant licensed for human use in most countries including the USA, however it is not 
suitable for delivery to mucosal surfiices. Therefore most mucosal vaccines used today 
contain live-attenuated organisms, and litde success has been obtained with mucosal delivery 
of subunit vaccines. 

Cholera toxin (CT) is the mucosal adjuvant most commonly used in animal models. 
CT is the primary enterotoxin produced by Vibrio cholerae. It is an 84 kilodalton polymeric 
protein consisting of two subunits, a monomeric A subunit and a pentameric ring shaped B 
subunit The B subunit binds GMl gangUosides at the surface of eukaryotic cells and enables 
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insertion of the A subunit into the cytosol, v**iere it ADP-riboisylates GTP-binding legulatory 
protein associated with adenylate cyclase (Spangler, 1992). 

CT enhances antigen presentadon by macrophages^ epithelial cells and B cells, 
promotes differentiation and isotype switching in B cells, and has complex inhibitory and 
stimulatory efifects on T-cell proliferation and lymphokine production (Snider, 1995). Some 
groups report that CT can selectively activate Th2-type CD4-I- T cells vAile inhibitmg Thl- 
type cells (Takahashi et aU 1996,) \^e others nqwrt activation of both THl and Tli2-type 
CD4+ T cells (Homquist and Lycke. 1993). Dififerences may be due to a numbCT of fiictors 
mcluding route of immunization and the nature of the antigen. 

The Escherichia coli heat-labile enterotoxin (labile to^dn, LT) is structurally and 
functionally closely related to CT, and has similar adjuvant properties (Lycke et al., 1992). LT 
can confer immuzuty to co-administered antigens that are on their own non-immunogenic 
when administered by mucosal routes; this adjuvant effect is noted whether LT is simply 
mixed with or is physically coupled to the antigen (Hohngren et al,, 1993). 

While v^ effective as mucosal adj uvants in animal models, CT and LT are highly 
to?dc, and especially so in humans. Genetically detoxified mutants of both CT and LT have 
been developed by using site-directed mutagenesis, v^ch, at least in animal models appear to 
be less toxic yet retain some adjuvanticity (e.g., LTK63 is LT with a single substitution at 
serine-63) (Rappuoli et cd., 1995, Douce et <2/., 1994, Pizza et al„ 1994, De Haan et oL, 1996). 
Nevertheless, the level of adjuvantidty sq>pears to be proportional to the level of retah^ 
toxicity, and thus there is a clear need for an alternative safe and effective mucosal adjuvant 

Sammaiy Of Th e ^vention 

The preset invention relates to m^ods and products for inducing immune responses 
using immunostimulatory CpO dinucleotide containing oligonucleotides. In one aspect the 
mvmtion is a metiiod for inducing a mucosal immune response. The method includes tiie step 
of administering to a mucosal surface of a subject an effective amount for inducing a mucosal 
immune r^ponse of an oligonucleotide, having a sequence including at least the following 
formula: 

5'X,X2CGX3X4 3' 
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wherein C and G are unmethylated, wherein X1X2, X^md Xi are nucleotides, and exposing 
the subject to an antigen to induce the mucosal immune response, and v^iierein the antigen is 
not encoded in a nucleic acid vector. 

In another aspect the invention is a method for inducing a mucosal immune response. 
The method includes the step of administ^ing to a mucosal surface of a subject an effective 
amount for inducing a mucosal immune response of an antigen and a plasmid vector, having a 
sequence including at least the following formula: 

5'X|X2CGX3X4 3' 

vdierein C and G are unmethylated, wherein Xi^X^, Xa^and X4 are nucleotides. 

In one embodiment the antigen is not encoded in a nucleic acid vector. In another 
embodiment the antigen is encoded by a nucleic acid vector, which optionally may be the 
plasmid vector. In yet another embodiment the plasmid vector includes a nucldc acid 
sequence ^ch operatively encodes for a cytokme. Preferably the antigen and the plasmid 
vector are administered orally or mtranasally. In some embodiments at least SOfxg of the 
plasmid vector is administered to the subject 

According to another aspect of the invention a method fox inducing a mucosal immune 
response is provided. The method includes the step of administering to a mucosal sur&ce of a 
subject an efiective amount for inducing a niucosal immune respoxise of an antigen and of an 
oligonucleotide* having a sequence including at least the following formula: 

S'XiXjCGXjX^y 

wfaisrein C and G are unmethylated, ^erdn X,, X2, X3. and X4 are nucleotides, and wherein 
the andgen is encoded by a nucleic acid vector. Preferably the antigen and the oligonucleotide 
are administered orally or intranasally . 

In some embodunents of tiie invention tiie oUgonucleotide has a backbone selected 
&om the group consisting of a phosphodiester backbone and a chimeric backbone. In other 
embodiments the oligonucleotide has a phosphorothioate backbone. In the embotUments 
wherdn the oligonucleotide has a phosphorothioate backbone and wherein the antigen is 
encoded by a nucleic acid vector and the CpG is an oligonucleotide it is a preferred but not 
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limited embodiment that the plasmid and oligonucleotides are delivered with a colloidal 
dispersion system. In some embodiments the colloidal dispersicm system is selected from the 
group consisting of macromolecular complexes, nanocapsules, microspheres, beads, and lipid* 
based systems. In other embodiments &e plasmid and oligonucleotide are coated onto gold 
particles and are deliv^ed with a grae-gun. 

A method for inducing a mucosal inunune response in a subject is provided in other 
aspects* The method involves die step ofadministering to a subject an antigen and an 
efTective amount for inducing a mucosal immune response of an oligonucleotide, having a 
sequence including at least the following formula: 

5' X,X2CGX3X4 3' 

wherein C and G are unmethylated, wherein Xi^X2, Xj, and X4 are nucleotides, and 
administ^ing to the subject a hormone to induce the mucosal immune response. 

In one embodiment the antigen and the oligonucleotide are administered to a mucosal 
sur&ce of the subject In another onbodiment the hormoiie is administered ^ystemically. In 
one embodiment ^ hormone is encoded by a nucleic acid vector. 

The invention in other aspects involves methods for indudo^ an immune response. 
The method involves the steps of orally, intranasally, ocularly, vaginally, or rectally 
administering to a subject an effective amoxmt for inducing an immune response of an 
oligonucleotide, having a sequence including at least die following formula: 

5'X|X2CGX3X4 3' 

\^ierein C and G are mimetfaylated, wherein Xt,X2, X3, and X4 are nucleotide^ 
the subj ect to an antigen to induce the iounune response. 

In some embodiments the andgen is administered orally, intranasally, ocularly, 
vagmaUy, or rectally. In other embodiments the antigen is administered simultaneously with 
the oligonucleotide. Preferably the oligonucleotide is administered in an effective amount for 
indudng mucosal immunity. 

According to otibier aspects the invention is a method for inducing an inunune 
response. The method involves the step of orally, intranasally, ocularly, vaginally, or rectally 
administering to a subject an effective amount for inducing an immune refuse of a CpG 
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containing plasmid» having a sequence including at least the following foimula: 

5'X,X2CGX3X4 3' 

wherein C and G are unmeQiylated, Mdierem Xi^Xj, X3^ and X4 aie nucleotides, and e3q}osing 
the subject to an antigen to induce the immune response. 

In some embodiments the antigen is administered orally, intranasally, ocularly, 
vaginally, or rectally . In other embodiments the antig^ is administered simultaneously m&i 
the CpG containing plasmid. Preferably the CpG containing plasmid is administered in an 
effective amount for inducing mucosal immimily . 

The methods involve an induction of mucosal immunity. Mucosal immimity can be 
induced in a local and/or rmiote site. In some embodimmts the mucosal immunity is induced 
in a local site and in others the mucosal immunity is induced in a remote site, or both. 

In order to induce a mucosal immune response the CpG oligonucleotide can be 
administered with a prime dose, a boost dose or bodi. For instance the CpG oligonucleotide 
may be adniini$teredwi& a priming dose of antigen. In another embodiment the CpG 
oligonucleotide is administered with a boost dose of antigen. In some embodiments the 
subject is administered a priming dose of antigen and CpG oligonucleotide before the boost 
dose. In yet oth^embodim^ the sutgect is administered a boost dose of antigen and 
oligonucleotide after the priming dose. 

In another aspect the invention is a method for mducing a systemic immune resptmse. 
The metiiod involves administering to a mucosal sur&ce of a subject an effective amount for 
inducing a systemic immune response of an oligoxmcleotide, havuig a sequence mcludmg at 
least the following formula: 

5'X,X2CGX3X4y 

wherein C and G are uomethylated, v^erein XiX^ Xa^and X4 are nucleotides, and 
administering to the mucosal sur&ce of the subj ect an antigen to mduce the systemic immune 
response. In one embodiment the antigm is not encoded in a nucleic add vector, and wherein 
the antigen does not produce a systemic immune response v^en administered to the mucosal 
sur&ce alone. 



wo 99/61056 PCT/US99/11359 

According to another aspect of fhe invention a method for inducing a systemic 
immune response is provided. The method involves the step of administering to a mucosal 
surfitce of a subject an effective amount for inducing a systemic immune response of a 
combination of a non*oIigonucleotide mucosal adjuvant and an oligonucleotide, having a 
sequence includmg at least &e following formula: 

wherein C and G are unmethylated, wherein X,, X2, Xa, and X4 are nucleotides, and posing 
the subject an antigen to induce the syst^c immune response* 

In one embodiment the antigen is delivered to a mucosal surface. Inanother 
embodiment the antigen is not encoded in a nucleic acid vector. 

The subject may be actively esqsosed to the antigen or passively exposed to the 
antigen. In one embodiment of the methods described herein the subject is actively exposed 
to the ant^en and the antigen is delivered to a mucosal surface. In other embodiments the 
antigen is administered concurrcntiy with the oligonucleotide. The antigen may be delivered 
alone or in conjunction witii a colloidal dispersion system. In some embodiments the 
colloidal dispersion system is selected fiom the group consisting of macromolecular 
complexes, nanocq)suIes> microspheres, beads, and lipid-based systems. Lipid-based systems 
optionally include oil-in-water emulsions, micelles, mixed micelles, or liposomes. 

In otiier embodiments the subject is passively eixposed to the antigen througih 
mvironm^ital contact The subject that is passively esqiosed to tiie antigen in some 
^nbodiments is a subject at risk of developing an allergic reaction, an infectious disease, or a 
cancer. In other ^bodiments the subject has an infectioiis disease, a cancer, an aUergy oris 
an asthmatic. 

The antigen that is passively or actively administered to tiie subject is any type of 
antigen known in the art and includes for example cells, cell extracts, proteins, polypeptides, 
peptides, polysaccharides, polysaccharide conjugates, peptide mimics of polysaccharides, 
lipids, glycolipids, carbohydrates, allergens, viruses and viral extracts and muticellular 
organisms such as parasites. In one embodiment the antig^ is derived &om an infectious 
organism selected fix>m the group consisting of infectious bacteria, infectious viruses. 
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infectious parasites, and infectious fungi. 

The method may also include the step of administering a non-oligonucleotide mucosal 
adjuvant in coiyunction with the antigen. Non-oUgonucleotide mucosal adjuvants may 
include, for example, cholera toxin, derivatives of cholera toxin, labile toxin, derivatives of 
labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, oil-in-water and other 
emulsion formulations such as MF59, SAP, Montanide ISA 720 and PRO VAX, PCPP 
polymers, and ISCOMS. 

In other embodiments the method includes the st^ of administering a cytokine or a B- 
7 costimulatoiy molecule to the subject. 

In some embodiments, the oligonucleotide is administered orally, mucosaUy, ocularly, 
vaginally, rectally, or by inhalation to a subject 

The oligonucleotide may be modified. For instance, in some embodiments at least one 
nucleotide has a phosphate backbone modification. The phosphate backbone modification 
may be a phosphorofhioate or phosphorodithioate modification. In some embodiments the 
phosphate badcbone modification occurs on the S' side of the oligonucleotide or the 3' side of 
the oligonucleotide. 

The oligonucleotide may be any size. Preferably the oligonucleotide has 8 to 100 
nucleotides. In other emlxKliments the oligonucleotide is 8 to 40 nucleotides in length. 

In some embodiments X1X2 are nucleotides selected from the group consisting ofi 
GpT, GpG, GpA, ApA, ApT, ApG, CpT. CpA, CpO, TpA, TpT, and TpQ; and X3X4 are 
nucleotides selected fiom the group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, TpC, 
ApC,CpC,TpA,ApA,andCpA. Preferably XjX^ are GpA or GpT and X3X4 are TpT. In" 
other prefcned embodiments X, orX2 or bofli are purines and X3 or X4 or both are 
pyiimidines or X1X2 are GpA and X3 or X4 or both are pyrimidioes. In one embodiment X2 is 
a T and X3 is a pyrimidine. The oligonucleotide may be isolated or synthetic. 

In some embodiments the oligonucleotide has a sequence including at least the 
following formula: 

S'TCNTXjXjCGXaX^a' 
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whCTein Xi, S^Xg^ and X4 are nucleotides, N is a nucleic acid sequence composed of fix>m 
about 0-2S nucleotides. 

In other aspects^ the invention encompasses pharmaceutical compositions for orally, 
mtranasaily, ocularly, vaginally, or rectally administering CpG oligonucleotides or CpG plasmids. In 

5 one aspect the composition is an oral formulation of a CpG oligonucleotide in a buffer for 

neutralizing biological acids. In another aspect die composition is an intranasal foimulation of a CpG 
oligonucleotide in an aerosol. In other aspects the composition is a vaginal or rectal formulation of a 
CpG oligonucleotide in a suppositcuy or otiier vehicle suitable for delivery to vaginal and rectal 
tissue. In other aspect the composition is an ocular fonnulation of a CpG oligonucleotide in a 

10 solution compatible with the ey^. Such formulations are described herein as well as in Remingtons 
Phannaceutical Sciaoces, vMoh is hereby incorporated by reference. 

Each of tiie limitations of die invention can encompass various embodiments of the 
invention. It is, therefore, anticipated that each of the limitations of the invention involving 
any one element or combinations of elements can be included in each aspect of tiie invention. 

15 Brief Descrip tion Of The Drawings 

Figaro 1 is a bar graph depicting the effect of different adjuvants on total IgG iiissts of 
anti-HBS, wherein BALB/c mice were immunized by IN inhalation with HBsAg (1 or 10 /xg) 
witiiout or in combination with Cholera toxin (CT) and/or CpG oligonucleotide (motif #1 826, 
SEQ ID NO. 90) adjuvants. 

20 

Figure 2 is a graph depicting tiie effect of different adjuvants on total IgG titers of 
anti-Hbs, vs^erem BALB/c mice were immunized by IN inhalation with HBsAg (1 fig) 
vdlhout or in combination with Cholera toxin (CT) and/or CpO oligonucleotide (motif #1 826, 
SEQ ID NO. 90) adjuvants and at 8 weeks mice were boosted in the same manner as prime. 

25 

Figore 3 is a bar gr^h depicting the effect of differrat adjuvants on anti-HBs IgG 
isotype, wherein BALB/c mice were immunized by IN inhalation with HBsAg (1 /zg) without 
or in combination witii Cholera toxin (CT) and/or CpG oligonucleotide (motif #1 826, SEQ ID 
NO. 90) adjuvants (I /zg) and at 8 weeks mice were boosted in the samemanner as prime. 



30 
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Figure 4 is a bar gr^h depicting the effect of different adjuvants on HBsAg specific 
CTL response, whraein BALB/c mice wwe immunized by IN inhalation with HBsAg (10 /ug) 
without or in combination with Cholera toxin (CT) and/m: CpG oligonucleotide (motif #1826, 
SEQ ID NO. 90) adjuvants at different doses (1 or 1 0 /zg) and four weeks after immunization 
mice were killed by Halotfaane overdose, splenocytes isolated and HBsAg specific CTL 
activi^ measured. 

Figure 5 is a bar graph dq)icting the effect of different adjuvants on anti-HBs IgA 
titws in lung washes, whwein BALB/c mice were immunized by IN inhalation widi HBsAg (1 
or 1 0 fig) wifliout or in combination with Cholera toxin (CI) and/or CpG oligonucleotide 
(motif #1 826, SEQ ID NO. 90) adjuvants at differeait doses (1 or 10 /<g) and four wedks afta- 
immunization (or after boost for group marked by *) mice woe killed by Halothane overdose 
and lungs woe washed with 1ml TBS. 

Figure 6 is a bar graph dq)ictii^ flie effect of different adjuvants on anti-HBs IgA 
titas in fecal pellet solutions, Wherein BALB/c mice were imtnimiy^v^ by IN inhalation with 
HBsAg (1 or 10 /ig) witiiout or in combination with Oiolera toxin (CT) and/or CpG 
oUgonucleotide (motif #1826, SEQ ID NO. 90) at different doses (1 or 10 fxg) and four weeks 
afiier immunization (or after boost for group marked by *) mice were isolated for 24 hr and 
fecal pellets were collected and resuspended m TBS at 0.1 mg/ml. 

Figure 7 is agraph depicting the effect of different adjuvants on total IgG titers of anti- 
HBs, wherein BALB/c mice ware immunizBd by IN inhalation wifii HBsAg (1 Jig) without or in 
combination with Cholera toxm (CT), Escherichia coU heal-labfle enleiotoxin (LT), the B subunit 
of Cholera toxin (CTB), a detoxified mutant of EsehaiiMa coli heat-laMle enterotoxin (LTK63), 
CpG oligonucleotide (motif #1826, SEQ ID NO. 90) or nonrQ)G conliol oUgonucleotide (motif 

#1982, SEQ m NO. 90) as adjuvants (1, 10 or 500 ^g). In groiqs which responded, all mice gave 
titers > 10, except inihe case of 1 0 fig LT V(*ere only 1/5 mice responded. 



Figure 8 is a bar graph dqiicting the effect of diffraent prime/boost strategies on total IgG 
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titos of anti"HBs, wherein BALB/c mice were immunized: (i) by IM injection with HBsAg (1 
Jig) in combination with alum plus CpG oligonucleotide (motif #1826, SEQ ID NO. 90) and 
boosted at 4 weeks as prime, or by IN mhalation with HBsAg (1 ^g) witiiout or in combination 
witii Cholera toxin (CT) and /or CpG oUgonucleotide (motif #1 826, SEQ ID NO. ); or Cii) by IN 
5 inhalation with HBsAg (1 (ig) without or in combination witii Cholera toxin (CT) and /or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 weeks as prime or by IM 
irgection witii HBsAg (1 iig) in combination with alum plus CpG oligonucleotide (motif #1826, 
SEQ ED NO. 90). Numbers at the top of each bar represent flie IgGa/IgGl ratio. 

10 Figure 9 is a bar gr^h depicting the effect of different prime/boost strategies with 

difibrent adjuvants on HBsAg specific CTL response, wherein BALB/c mice were immunized: 
(i) by IM injection with HBsA^ (1 (xg) in combination witii alum plus CpG oligonucleotide (motif 
#1 826, SEQ ID NO. 90) and boosted at 4 weeks as prime, or by IN inhalation with HBsAg (1 |ig) 
without or in combination with Cholera toxin (CT) and /or CpG oligonucleotide (motif #1 826, 

15 SEQ ID NO. 90), or 00 by IN inhalation witii HBsAg (1 without or in combination with 
Cholera toxin (CT) and /or C^G oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 
4 weeks as prime or by IM injection with HBsAg (1 fig) in combination with alum plus CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90), and 4 weeks after boost mice were killed by 
Halothane overdose, splenocytes isolated and HBsAg specific CTL activity measured. 

20 

Figure 10 is a bar graph depicting the effect of different prime/boost strategies with 
different acQuvants on HBsAg specific T cell proliferation, wherein BALB/c mice were 
immunized: Q) by IM iiyection with HBsAg (1 (ig) in combination with alum plus CfG 
oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 weeks as prime, or by IN 

25 inhalation with HBsAg (1 pg) without or in combination with Cholera toxin (CT) and /or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN inhahtion witii HBsAg (1 ^g) 
witiiout or in combination with Cholera toxin (CT) and /or CpG oligonucleotide (motif #1 826, 
SEQ ID NO. 90) aiKl boosted at 4 weeks as prime or by IM injection with HBsAg (1 ^g) in 
combination witii alum plus CpG oligonucleotide (motif #1826, SEQ ID NO. 90 ), and 4 weeks 

30 after boost mice were killed by Halothane ov^dose, splenocytes isolated and HBsAg spedfic T 
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cell proliferation measured. 

Figure 11 is a bar graph depicting the effect of different prime/boost strategies with 
diflferent adjuvants on anti-HBs IgA titers in lung washes, wherein BALB/c mice were 
immunized: (i) by IM injection mfti HBsAg (1 jxg) m comWnation with alum plus CpG 

5 oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 weeks as prime, or by IN 
inhalation with HBsAg (1 jig) without or in combination wth Cholera toxin (CT) and /or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90), or (ii) by IN inhalation with HBsAg (1 ng) 
without or in combmation with Cholaa toxm (CT) and /or CpG oligonucleotide (motif #1826, 
SEQ ID NO, 90) and boosted at 4 weeks as prime or by IM mjection with HBsAg (1 fig) in 

10 conabination with alum plus CpG oligonucleotide (motif #1826, SEQ ID NO. 90). Four weeks 
after boost mice were killed by Halothane ov^dose and limgs were washed with 1 ml TBS. 

FigoFe 12 is a bar gr^h depicting the eflFect of different prime/boost strategies wifli 
different adjuvants on anti-HBs IgA titers in saliva, wherein BALB/c mice were immunized: CO 

15 by IM injection with HBsAg (1 ng) in combination witii alum plus CpG oligonucleotide (motif 
#1826, SEQn)NO.90)andboostedat4weeksasprime,orbyINinhaMonwitiiHBs^ fig) 
wfliout or m combmation with Cholera toxin (CT) and /or CpG oligonucleotide (motif #1 826, 
SEQ ID NO. 90), or (ii) by IN inhalation with HBsAg (1 |ig) witiiout or in combination witii 
Oiolera toxin (CT) and /or Q>G oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 

20 4 weeks as prime or by IM injection witii HBsAg (I jig) m combination wifli alum plus CpG 
oligonucleotide (motif #1826» SEQ ID NO» 90). Four weeks after boost mice were injected wtii 
100 III 0.S % Pilocatpine hydrochloride solution and saliva collected 

Figure 13 is a bar gmjA depicting flie ejffect of diflferent prime/boost strategies witii 
25 diflferrat adjuvants on anti-HBs IgA titers in fecal pellet solutions, vAerem BALB/c mice were 
immunized: (i) by IM irgection wifli HBsAg (1 |Ag) in combination with alum plus CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) and boosted at 4 weeks as prime, or by IN 
inhalation witii HBsAg (1 |ig) witiiout or in combination witii Cholera toxin (CT) and /or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90X or C") by IN inhalation witfi HBsAg (1 fig) 
30 whhout or m combmation wifli Cholera tojdn (CT) and /or CpG oligonucleotide (motif #1 826, 
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SEQ ID NO, 90) and boosted at 4 weeks as prime or by IM injection with HBsAg (1 fig) in 
combination with alum phis CpG oligonucleotide (motif #1826, SEQ ID NO. 90), Four weeks 
after boost mice were isolated for 24 hr and fecal pellets were co llected and resuspended in TB S 
atO.lmg/ml. 

5 

Brief Description Of The Tables 
Table 1 lists immunostimulatoiy oligonucleotide sequences, 

10 Table 2 lists the effect of different adjuvants on HBsAg-specific antibody isotypes. 

fBALB/c mice wa:e immunize by IN inhalation wifhHBs^O /t^ without or in combination 
with Choloa toxin (CT), Escherichia coli heat-labile ^iterotoxin (LT), the B subunit of Cholera 
toxin (CIB), a detoxified mutant of Escherichia coli heat-lalnle enterotoxin (LTK63) and/or CpG 
oligonucleotide (motif #1826, SEQ ID NO. 90) (1 or 10 \ig) as adjuvants. 

15 Values represent the group geon[ietric mean (GMT) of the ELISA end-point dilution titer for 
HBsAg-spedfic IgGl or IgG2a antibodi^ in plasma taken 4 after immunization. Utears were 
defined as the highest plasma dilution resulting in an absozbance value two times that of non- 
immune plasma, with a cut-o£f value of 0.05. 

Hlie IgCx2a to IgOl ratios (IgG2a:Ig01) are reported, with a value >1 indicating a predominantly 
20 Th-1 like response. 

''N/A: Not ^plicable since no antibody responses detected 

' All mice immunized with these adjuvant combinations died within 96 hours. 

Table 3 lists the effect of different adjuvants on HBsAg^-spedfic IgA responses. 

25 ^ALWcnuce were inmiunized by IN inhalation with HBsAg(l /ig) without or in combination 
wifli Cholera toxin (CT), Escherichia coli heat-labile enterotoxin (LT), the B subunit of Choleara 
toxin (CnB), a detoxified mutant of Escherichia coli heat-labile enterotoxin (LTKj63) and/or CpO 
oligonucleotide (motif #1826, SEQ ID NO. 90) (1 or 10 (ig) as adjuvants. All groups contained 
S mice imless otherwise indicated. 

30 *Values represent ttie geometric mean titers ± the standard error of the mean (GMT ± SEM) of 
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(he ELISA end-point dilution titer for HBsAg-specific IgA antibodies in lung wash or fecal 
solutions taken 4 wk after immunization. 

IgA titers in lung washes wete defined as the highest dilution that resulted in an absorbance value 
(OD 450) two times greater than that of non-immune lung wash, with a cut-off value of 0.05. 
5 ''IgA titers in fecal extracts were expressed as OD 450 x 10^ above background (non-immune fecal 
extract). Seroconversion was defined as an endpoint titer for total IgG > 100. 
All mice immunized with diese adjuvant combinations died vnthin 96 hours. 

Table 4 shows the different muco^parenteral prime boost/strategies used to itntnini^Te 
10 BALB/c mice and summarizes the results as to which approach induced antigen-spedfic systemic 
and mucosal immune responses. 

Detailed Description Of The Inven^on 
The invention relates to methods and products for inducing immunity usmg 

1 5 immimostimulatoiy CpG oligonucleotides. One aspect of the invoition is based on the fiiKling 
that CpG oligonucleotides act as a potent mucosal acQuvants to induce immune responses at boA 
local and r^note sites against an antigen administered to the mucosal tissue. This finffing is 
striking even in view of previous findings that CpG oligonucleotide is a potent adjuvant for 
sjretemic delivery, because with systemic delivery the protein alone induces detectable immune 

20 responses but witlimiicosaldeUveiy the pn)tein alone does not induce an immune As 
demonstrated in the Examples below, bodi systemic and mucosal immunity are induced by 
mucosal delivety of CpQ oligonucleotides. The syst^c immunity induced in response to CpG 
oligoimcleotides included bolb humoral and cell-oiediated responses to specific antigens that were 
not c£q)able of inducing systemic immunity when administ^ed alone to the mucosa. 

25 Furthermore, boHi CpG oligonucleotides and cholera toxin (CT, a mucosal adjirvrant that induces 
a Th2-like response) induced CTL. This is surprising since with syst^nic immunization, the 
presence of Th2-like antibodies is normally associated with a lack of CTL (Schitmbeck et 
a/.,1995). 

Additionally y CpG oligonucleotide were f omid to induce a mucosal response at both local 
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(e.g., lung) and remote (e.g., lower digestive tract) mucosal sites. Although CpG oligonucleotide 
was similar to CT for induction of systemic antibodies (IgG) and local mucosal antibodies (IgA), 
significant levels of IgA antibodies were induced at a distant mucosal site only by CpG 
oligonucleotide and not by CT. Hiis was suiprisiag because CT is generally considered to be a 

5 highly efiective mucosal adjuvant Another roanner in ^ch CpG oligonucleotide was superior 
to CT was with respect to the Th-type of response. As has been previously reported (Snider 
1995), CT induces predominantly IgGl isotype of antibodies, which are indicative of Th2-type 
response. In contrast, CpG ol^onucleotide was more Thl with predominantly IgG2a antibodies, 
especially after boost or vdien the two adjuvants were combined. Ihl^e antibodies in general 

10 have better neutralizing capabilities, and fiirtbermore, a Th2 response in the lung is highly 
undesirable because it is associated wifliaslhma(K^, 1996, ITiustheuseof CpG 

oligonucleotide as a mucosal adjuvant has benefits that other mucosal adjuvants canxu>t achieve. 

The discovery of CpG oligonucleotide as a safe and efiective mucosal adjuvant is also 
advantageous because although CT is ahighly efiTective mucosal adjuvant, it is too toxic for use 

IS in hun)aa:is. A mouse (-^20 g body wdg^t) can tolmte the toxic effects of up to 10 \ig of CT, 
however a dose as litde as 1-5 (ig will cause severe diarrhea m ahuznan (-70 kg body weight) 
(Jertbom et a/., 1992). Animals inhaling CpG oligonucleotide showed no short-4erm signs of 
distress over those receiving HBsAg alone, and all recovered quickly with no apparent long- 
lasting effects. CpG oligonucleotide is well tolerated at very high doses (e.g., greater than 100 

20 }xg), ^en delivered systemically or mucosally. 

Thus in one aspect the invention is a mediod for inducing a mucosal inunune re^nse in 
a subject The m^od includes the step of administering to a mucosal sur&ce of a subject an 
effective amount for inducing a mucosal immune response of an oligonucleotide, having a 
s^uence including at least the following fomiula: 

25 5'X,XjCGX3X4 3' 

\^di£rein C and G are umnethylated, \^erdn X^Xj, Xa, and X4 are nucleotides, and exposing the 
subject to an antigen to induce the mucosal immune response. In other aspects the method 
involves administering a plasmid vector, having a sequoice including at least the above formula 
instead of the oligonucleotide. The oligonucleotide, re&ired to herein as the oligonucleotide or 

30 the CpG oligonucleotide, is not a plasmid vector. These distinctions are made clear in the 
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definWons set forth below. For purposes of btevity, the invention is described herein with respect 
to oligonucleotides, but the description also applies to plasmid vectors. 

The CpG oligonucleotide is particulariy useful as a prophylactic vaccine for die induction 
of mucosal immunity of a subject at ride of developing an infection with an infectious organism 
5 or a subject at risk of developmg an aUergy or cancer. A "subject at risk" as used herein is a 
subject who has any risk of exposure to an infection causing infectious pafliogen or an allergen 
or of developmg cancer. For instance, a subject at risk may be a subject who is planning to travel 
to an area where a paiticolar type of infectious agent or allergen is found or it may be a sulqect 
who through lifestyle or medical procedures is exposed to bodily fluids which may coniain 

10 infectious organisms or even any subject Uving in an area that an infectious organism or an 
aUergen has been identified. Subjects at risk of developmg infection also include general 
populations to wWdi a medical agency recommends vaccination with a particular mfectious 
organism antigen. If the antigen is an allogen and the subject develops allergic responses to that 
particular antigen and the sul^ ect is exposed to the antigen, Le., during poUen season, tiien that 

15 subject is at risk ofejqposure to the antigen. Subjects atriskofdeveloping cancer include those 
with a graetic prcdigxysition or previously treated for cancer, and those exposed to cardnogens 
such as tobacco, asbestos, and othw doeoucal toxins or excessive sunlight and oflrer types of 
radiation. 

In addition to the use of tiie CpG oligonudeotide for propltylactic treatmwit, the invention 
20 also encompasses tiie use of the CpG oligonucleotide for flie tteataient of a subject having an 
infection, an allergy or a cancK-. 

A "subject having an infection" is a subject that has been exposed to an infectious 
parogen and has acute or chronic detectable levels of tiie pathogen in flie body. Tbt CpQ 
oKgonucleotide can be used witii an antigen to mount an antigen i^jedfic mucosal unirame 
25 response tiiBt is capable of reducing tiie level of or eradicating tiie mfectious pathogen. An 
infectious disease, as used hercm, is a disease arising from the presence of a foreign 
microorganismintiiebody. Itisparticulaiiyimportamtodevdop effective vaccine strategies and 
treatments to protect tiie body's mucosal surfeces, which are tiie primary site of pafliogenic entry. 
A "subject having an aUergy" is a subject tiiat has or is at risk of developing ah aUergic 
30 reactioninresponsetDanallergen. An "aUeigy" refers to acquired hypersensitivity to a substance 
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(allergen). Allergic conditions include bat are not limited to tezema, allergic rhinitis or coiyza, 
hay fever, conjuncti^nitis^ brondiial asthma^ urticaria (hives) and food allergies, and other atopic 
conditions. 

Currently, allergic diseases are generally treated by the injection of small dos^ of antigra 
followed by subsequent increasing dosage of antigen. It is believed that this procedure induces 
tolerization to the allergen to prevent further allergic reactions. Tliese methods, however, can 
take several years to be effective and are associated with the risk of side effects such as 
an^hylactic sbocL The methods of the invention avoid these problems. 

Allergies are g^«:ally caused by IgE antibody generation against harmless allergens. The 
<7toldnes tiiat ate induced by muco^ administration of uimietfaylated CpG oligonucleotides are 
predominantly of a class called "Hir (examples are IL-12 and IFN-y) and these induce botii 
humoral and cellular immune responses. The types of antibodies associated with a Hil response 
are generally more protective because they have high neutralization and opsonization cq)abilities. 
The other major type of immune response, ^^ch is associated with the production of IL^, IL-S 
and Er 1 0 cytokines, is termed as Ih2 immune response. Tb2 responses involve solely antibodies 
and these have less protective effect against infection and some Th2 isotypes (e.g., IgE) are 
associated with allergy. In general, it appeidis ttett all^c diseases are mediated by Th2 type 
unmime responses ^lile Thl responses provide the best protection against infection, although 
excessive Thl responses are associated with autounmune disease. Based on tiie ability of the 
CpG oligonucleotides to shift the immune resix)nse in a sul:gect fiom a Th2 (\^ch is associated 
with production of IgE antibodies and allergy) to a Thl response (\^ch is protective against 
allergic reactions), an effective dose for inducmg a mucosal immune resfponse of a CpG 
oligonucleotide can be administered to a subject to treat or prevent an allergy. 

Tims, the CpG oligonucleotide has significant Aersqpeutic utility in the treatment of 
allergic conditions such as astiuna. Th2 cytokines, especially ILr4 and IL-S are elevated in the 
airways of asthmatic subjects. These cytokines promote important aspects of the astimiatic 
inflammatory response, including IgE isotope switching, eosinophil diemotaxis and activation 
and mast cell growtiL Tbl cytokines, espedally IFN-y ^ IL- 1 2, can suppress the formation of 
Th2 clones and production of 11i2 cytokines. "Astimia^ refers to a disorder of the respiratory 
system diaracterized by inflammation, narrowing of the airways and mcreased reactivity of tiie 
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airways to inhaled agents. Asthma is fiequently, although not exclusively associated with atopic 
or allergic symptoms. 

A "subject having a cancer^ is a subject that has detectable cancerous cells. The cancer 
may be a malignant or non-malignant cancer. Cancels or tumors include but are not limited to 
biliary tract cancen brain cancer, breast cancer, cervical cancer; choriocarcinoma; colon cancer, 
endometrial cancer; esophageal cancer; gastric cancer, intraepithelial neoplasms; lymphomas; 
liver cancer, lung cancer (e.g. small cell and non-small cell); melanoma; neuroblastomas; oral 
cancer; ovarian cancer, panoeas cancer, prostate cancer, rectal cancer, sarcomas; ddn canc^, 
testicular cancer, thyroid cancer; and renal cancer, as well as other carcinomas and sarcomas. 

A "subject" shall mean ahuman or vertebmte animal including but not limited to a dog, 
cat, hoisc, cow, pig, sheep, goat, diicken, primate, e,g,, monkey, fish (aquaculture species), e,g. 
salmon, rat, and mouse. 

A CpG oligonucleotide is an oligonucleotide which includes at least one unmefeylated 
CpQ dinucleotide. An oligonucleotide containing at least one unmethylated CpG dinucleotide 
is a nucleic acid molecule vrfrich contains an unmethylated cytosine-guanine dinucleotide 
sequence (Le. "QpG DNA'' or DNA containing a 5* cytosine followed by 3* guanosine and linked 
by a phosphate bond) and activates the immune system. The CpG oligonucleotides can be 
doiible-straiMiedorsinglfr-stranded. Generany,double-sfranded molecules are riiore stable www 
wtiiie single^stianded molecules have increased imnniinff activity. 

The tarns ''nucleic add" and "^oligonucleotide" are used interchangeably to mean multiple 
nucleotides O-e. molecules comprismg a sugar (e.g. ribose or deoxyribose) linked to a phosphate 
group and to an exchangeable organic base, vMch is eitho" a substituted pyrimidine (e.g. cytoane 
(Q, thymine (1) or uradl(U)) or a substituted purine (e.g.ade^ Asused 
herein, the lenns refer to oligoribonudeotides as well as oligodeoxyribonucleotides. Ihe teims 
shall also include polynudeosides (i.e. a polynucleotide minus the phosphate) and any other 
oi^anic base contamir^ polymer. Nucleic add molecules can be obtained fiom existing nucleic 
acid sources (e.g. genomic or cDNA), but are preferably synthetic (e.g. produced by 
oligonucleotide synthesis). The ©itire CpG oligonudeotide can be unmethylated or portions may 
be unmethylated but at least the C of the 5' CG 3* must be unmethylated. 

The methods of the invention may be accomplished by administering a C^G containing 
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oligonucleotide or a CpG containing plasmid vector to the subject to induce a mucosal immune 
response. As used herein the terms a "QpG oligonucleotide*^ and a "plasmid e?q)ression vector"* 
are mutually exclusive. The terms **CpG oligonucleotide^* or "CpO nucleic add" arc used to refer 
to any CpG containing nucleic acid except for a CpG containing plasmid vector. A plasmid 

5 expression vector is a nucleic acid molecule viiich includes at least a promoter and a gene 
flooding a peptide or peptide fragment The plasmid expression vector includes a nucleic acid 
sequence racoding the peptide v^ch is operatively linked to a gme expr^ion sequence v^ch 
directs the expression of the peptide within a eukaiyotic cell. The ''gene expression sequence" 
is any regulatory nucleotide sequence, such as a promote sequ^ce or promoter-enhancer 

10 combination, v^ch &cilitate5 the efGcient transcription and translation of the peptide to which 
it is operatively linked. The gene e3q)ression sequence may, for example, be a mammalian or 
viral promoter, sudi as a constitutive or inducible promote. Sudi constructs are well known to 
those of skill in the art 

In one prefened embodiment the invention pro^ddes a CpG oligonucleotide represented 

15 by at least the formula: 

S'NjXiCGXjNaS' 

v^erdn at least one nucleotide separates consecutive CpGs; Xi is adenine, guanine, or 
thymine; is cytosine, adenine, or thymine; N is any nucleotide and N| and N2 are nucldc 
acid sequences composed of fiom about 0-2S N*s eacL 
20 In another embodiment the invention provides an isolated CpG oligonucleotide 

rqiresented by at least the formula: 



STSTiXiXaCGX^X^Nja' 

Y^iierein at least one nucleotide sqsarates consecutive CpGs; X1X2 are nucleotides selected 
25 fiom tiie group consisting of: GpT, GpG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, 
and TpO; and X3X4 are nudeotides selected fiom the groiq> consisting of: TpT, CpT, ApT, 
TpG, ApG, CpG, TpC, ApC, CpC, TpA, ApA, and CpA; N is any nucleotide and N , and 
are nucleic add sequences composed of firom about 0-25 N*s each. Preferably X1X2 are GpA 
or GpT and X3X4 are TpT. In other prefatied embodiments X, or Xj or botii are purines and 
30 X3 0rX4orbotharepyrin[udinesorX,X2areGpAaxulX3orX4orbotharepyiirmdines. Ina 
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pfreferred embodiment N, and of the nucleic add do not contain a CCGG or CGCG 
quadmer or more than one CCG or CGG tiimer. The efifect of a a CCGG or CGCG quadmer 
or more than one CCG or CGG trimer depends in part on the status of the oligonucleotide 
backbone. For instance, if the oligonucleotide has a phosphodiester backbone or a chimeric 

5 backbone the inclusion of these sequences in the oligonucleotide will only have minimal if 
any affect on the biological activity of the oligonucleotide. If the backbone is completely 
phosphorothioate or significantly phosphorothioate then the inclusion of these sequraces may 
have more influence on the biological activity or the kinetics of the biological activity. In the 
case when the CpG oligonucleotide is administered in conjunction with an antigen which is 

10 encoded in a nucleic acid vector, it is preferred that the backbone of the CpG oligonucleotide 
be phosphodiester or chimeric. It can be completely phosphorotiiioaie if the oligonucleotide 
is delivered directiy to the cell. The cell may have a problem taking up a completely 
phosphorothioate oligonucleotide in the pres^ce of a plaanid vector. Thus wh«i both a 
vector and an oligonucleotide are delivered to a subject, it is prefetred that the oligonucleotide 

1 5 have a phosphodiester or chimeric backbone or have a phosphorothioate backbone but be 

associated with a vehicle that delivers it directiy into the cell. Such vehicles arc known in the 
art and include, for example, liposomes and gene guns. 

In another preferred embodiment the CpG oligonucleotide has die sequence 
STnCN,TXjX2CGX3X43*. 

20 Preferably flie CpG oligonucleotides of the invention include XjXj selected fiom flie 

group consisting of GpT, GpO, OpA and ApA and X3X4 is selected from the group consistioog 
of TpT, CpT and TpC, For facilitating uptake into cells, CpG contaimng oligonucleotides are 
preferably in the range of8 to 30 bases in length- However, nucleic acids ofany size greater 
than 8 nucleotides (ev^ many kb long) are capable of inducing an immune response 

25 according to the invention if sufficient unmunostimulatory motifs are present, smce iargw 
nucleic acids are degraded into oligonucleotides inside of cells. Preferred synflietic 
oligonucleotides do not include a CCGG or CGCG quadmtf or more than one CCG or CGG 
trimcratorriearthe 5' and/or 3' terminals. Stabilized oligonucleotides, wiiere the 
oligonucleotide incorporates a phosphate backbone modification, as discussed in more detail 

30 below are also preferred. The modification may be, for example, a phosphorothioate or 
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phosphoroditfaioate modificatioiL Prefisrably, the phosphate backbone modification occurs at 
the 5' end of the nucleic acid for exan^sle, at the first two nucleotides of the 5' end of the 
oligonucleotide. Furtiher, the phosphate backbone modification may occm* at the 3 ' end of the 
nucleic acid for example, at the last five nucleotides of die 3 ' end of the nucleic acid. 

5 Alternatively the oligonucleotide may be completely or partially modified. 

Prefembly the CpG oligonucleotide is in the range of betwera 8 and 1 00 and more 
preferably between 8 and 30 nucleotides in size. Alternatively, CpG oligonucleotides can be 
produced on a large scale in plasmids and degraded into oligonucleotides. 

The CpG oligonucleotide may be directly administered to the subject or may be 

10 administered in conjunction with a nucleic acid delivery compile A "nucleic acid delivery 
complex" shall mean a nucleic acid molecule associated with (e.g. ionically or covalently 
bound to; or encs9>sulated within) a targeting means (e.g. a molecule that results in higher 
afSnity binding to target cell (e.g. dendritic cell surfaces and/or increased cellular uptake by 
target cells), ^camples of nucleic add delivery complexes include nucleic acids associated 

IS with: a sterol (e.g. cholesterol), a lipid (e.g. a cationic lipid, virosome or liposome), or a target 
cell specific binding ag^t (e.g. a ligand recognized by target cell specific recqitor). Preferred 
coir^lexes may be sufiSciently stable in vivo to prevent significant uncotq)ling prior to 
iotemalization by the target cell. However, the cocq>lex can be cleavable under appropriate 
conditions within the cell so that the nucleic acid is released in a fimctional form. 

20 IMivery vehicles for ddiveririgaiitigra to mucosal sur&ces have been des(^bed The 

CpG oligonucleotide and/or the anti^ may be administered alone (e.g. in saline or buffer) or 
using any delivery vehicles known in the art. For instance the following delivery vehicles 
have been described: Cochlea^ (Gould-Fogerite et al., 1994, 1996); Emulsomes (Vancott et 
al., 1998, Lowell ei al.. 1997); ISCOMs O^owat et al., 1993, Carlsson et aL, 1991, Hu et, 

25 1998, Morein et aL, 1999); Liposomes (Oiilders et al., 1999, Michalek et al., 1989, 1992, de 
Haan 1995a, 1995b); Live bacterial vectors (e.g.. Salmonella, Escherichia coli. Bacillus 
cabnatte-guerin. Shigella, Lactobacillus) (Hone et al., 1996, Pouwels et al^ 1998, Chatfield et 
al., 1993, Stover et al., 1991, Nugent et al., 1998); Live viral vectors (e.g„ Vaccinia, 
adenovirus, Herpes Simplex) (Gallichan et al., 1993, 1995, Moss et al., 1996, Nugent et al., 

30 1998, Flexner et aL, 1988, Morrow et al., 1999); Microspheres (Giq)ta et al., 1998, Jones ct 
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al., 1996, Maloy et al., 1994, Moore et al., 1995. 0'Hagan etal., 1994. Eldridge ct al., 1989); 
Nucldc add vaccines (Fynan et al, 1993, Kuklin et al.. 1997, Sasaki et aL, 1998, Okada et aL, 

1997, Ishii et al., 1997); Polymers (e.g. carboxymefliylcelhjlose, diitosan) (Hamajima et al., 

1998, Jabbal-Gill et al„ 1998); Polymer rings (Wyatt et al.. 1998); Proteosomes (Vancott et 
al., 1998, LoweU et al., 1988. 1996, 1997); Sodium Fluoride (Hashl et aL, 1998); Transgenic 
plants (Jacket et aL. 1998. Mason et aL, 1998, Haq et al., 1995); Virosomes (Gluck et al., 
1992, Mengiardi et aL, 1995, Cryz et al., 1998); Vims-like particles (Jiang et al.. 1999. Ldbl 
et al., 1 998). Other delivery vehicles are known in the art and some additional examples are 
provided below in the discussion of vectors. 

"Paluidromic sequarce" shall mean an inverted repeat (i.e. a sequence such as 
ABCDEE'D'C'B 'A' in vdiich A and A' are bases capable of forming the usual Watson-Crick 
base pairs. /« vrvo, sudi sequences may form double-stranded structures. In one embodiment 
the CpG oligonucleotide contains a palindromic sequence. A palindromic sequence used in 
this context refers to a palindrome in wbidi the CpG is part of the palindrome, and preferably 
15 is the colter of the palindrome. InanoiherembodimaittheCpQoligomicleotideisfieeofa 
palindrome. A CpG oligonucleotide that is free of a palindrome is one in which the CpG 
dmncleotide is not part of a palindrome. Such an oUgonucIeotide may indude a palindrome 
in wbidi the CpG is not part of tiie palindrome. 

A "stabilized nucldc acid molecule" shall mean a nucleic acid molecule lhat is 
20 relatively resistant to /Bvm) degradation (e.g. via an exo- or endoHiuclease). Stabilization can 
be a function of lengfli or secondary structure. Unmethylated CpG oligonudeotides fbat arc 
tens to hundreds of kbs long are relalivdy resistant to /» Wvo dt^iaiafioa For diorter CpG 
oligornideotides. secondary strucJure can stabilize and increase Ihdr efibcL For example, if 
the 3' end of an oUgonudeotide has self^omplementarity to an upstream region, so that it can 
25 fold back and form a sort of stem loop structure, then the oUgonudeotide becomes stabilized 
and therefore exhibits more activity. 

Preferred stabilized oligonucleotides of the instant invaition have a modified 
backbone. It has been demonstrated diat modification of Ihe oligonudeotide bacWwne 
provides enhanced activity of the CpG oligonudeotides when administered in vivo. CpG 
30 constructs, induding at least two phosphorothioate linkages at the 5' end of tie 
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oligonucleotide in multiple phosphoroftioate linkages at the 3' exid^ preferably S, provides 
maximal activity and protected the oligonucleotide fiom degradation by intracellular exo- and 
endo-nucleases. Other modified oligonucleotides include phosphodiester modified 
oligonucleotide, combinations of phosphodiester and phosphorothioate oligonucleotide, 

5 methylphosphonate, methylphosphorotiuoate, phos[dioroditfaioate» and combinations thereof 
Each of th^ combinations and their particular efiects on immune cells is discussed in more 
detail in PCT Published Patent Applications claiming priority to U.S. Serial Nos. 08/738,652 
and 08/960,774, filed on Octoter 30, 1996 and October 30, 1997 respectively, flie entire 
contents of vMch is hereby incorporated by reference. It is believed that these modified 

1 0 oligonucleotides may show more stunulatoiy activity due to enhanced nuclease resistax!ce» 
increased cellular i^ytake, increased protein binding, and/or altered intracellular localization. 

Both phosphorothioate and phosphodiester oligonucleotides containing CpG motifs 
are active in immune cells. However, based on the concentration needed to induce CpG 
specific effects, tiie nuclease tesi^ant phosphorothioate backbone CpG oligonucleotides are 

15 more potent (2 /zg/ml for the phosphorothioate vs. a total of 90 /xg/ml for phosphodiester). 

Otiier stabilized oligonucleotides include: nonionic DNA analogs, such as alkyl- and 
aty 1-phosphates (in ^ndiich the charged phosphonate oxygen is lepl aoed by an alkyl or aiyl 
group), phosphodiester and all^phosphotriesters, in which the charged oxygen moiety is 
alkylated. OUgonucleotides ^^blch contain diol, such as t^raethyleneglyco^ 

20 hexaelhylenegly col, at either or both termini have also been shown to be substantially 
resistant to nuclease degradation. 

Tbe nucleic add sequences of the invention ^lich are useful as mucosal adjtivants are 
those broadly described above and disclosed in PCT Published Patent Applications claiming 
priority to U.S. Serial Nos. 08/738,652 and 08/960,774, filed on October 30, 1996 and 

25 October 30, 1997 respectively. Exemplary sequences include but are not limited to those 
inununostimulatory sequoices shown in Table L 

Table 1 -sequences 



30 GCTAGACGTTAGCGT; 
GCTAGATGTTAGCGT; 
GCTAGACGTTAGCGT; 



(SEQIDNO: 1) 
(SEQIDN0:2) 
(SEQIDNO: 3) 
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GCTAGACGTTAGCGT; 

GCATGACGTTGAGCT; 

ATGGAAGGTCCAGCGTTCTC; 

ATCGACTCTCGAGCGTTCTC; 
5 ATCGACTCTCGAGCGTTCTC; 

ATCGACTCTCGAGCGTTCTC; 

ATGGAAGGTCCAACGTTCTC; 

GAGAACGCTGGACCTTCCAT; 

GAGAACGCTCGACCrrCCAT; 
10 GAGAACGCTCGACCTTCGAT; 

GAGAACGCTGGACCTTCCAT; 

GAOAACGATGGACdTCCAT; 

GAGAACGCTCCAGCACTGAT; 

TCCATGTCGGTCCTGATGCT; 
15 TCCATGTCGGTCCTGATGCT; 

TCCATGACGTrCCTGATOCT; 

TCCATGTCGGTCCTGCTGAT; 

TCAACGTT; 

TCAGCGCT; 
20 TCATCGAT; 

TCTTCGAA; 

CAACGTT; 

CCAACGTT; 

AACGTTCT; 
25 TCAACGTC; 

ATGGACTCTCCAGCOTTCTC; 

ATGGAAGGTCCAACGTTCTC; 

ATCGACTCTCGAGCGTTCTC; 

ATGGAGGCTCCATCGTTCTC; 
30 ATCGACTCTCGAGCGTTCTC; 

ATCGACrCTCGAQCGTTCrC; 

TCCATGTCGGTCCTGATGCT; 

TCCATGCCGGTCCTQATGCT; 

TCCATOGCGGTCCTGATGCT; 
35 TCCATGACGGTCCTGATGCT; 

TCCATGTCGATCCTGATGCT; 

TCCATGTCGCTCCTOATGCT; 

TCCATGTCOTCCCTOATGCT; 
. TCCATGACGTGCCTGATGCT; 
40 TCCATAACGTTCCTGATGCT; 

TCCATGACGTCCCTGATGCT; 

TCCATCACGTGCCTGATGCT; 

GGGGTCAACGTTGACGGOO; 

GGGGTCAGTCGTGACGGGG; 
45 GCTAGACGTTAGTGT; 
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(SEQroN0:4) 
(SEQIDN0:5) 
(SEQIDN0:6) 
(SEQIDNO:?) 
(SEQIDN0:8) 
(SEQIDNO: 9) 
(SEQIDNO: 10) 
(SEQIDNO: II) 
(SEQroN0:12) 
(SEQIDNO: 13) 
(SEQIDNO: 14) 
(SEQIDNO: 15) 
(SEQIDNO: 16) 
(SEQIDNO: 17) 
(SEQIDNO: 18) 
(SEQIDNO: 19) 
(SEQIDNO: 20) 
(SEQIDNO: 21) 
(SEQIDNO: 22) 
(SEQIDNO: 23) 
(SEQIDNO: 24) 
(SEQIDNO: 25) 
(SEQIDNO: 26) 
(SEQIDNO: 27) 
(SEQIDNO: 28) 
(SEQIDNO: 29) 
(SEQIDNO: 30) 
(SEQIDNO: 31) 
(SEQIDNO: 32) 
(SEQIDNO: 33) 
(SEQIDNO: 34) 
(SEQIDNO: 35) 
(SEQIDNO: 36) 
(SEQIDNO: 37) 
(SEQIDNO: 38) 
(SEQIDNO: 39) 
(SEQIDNO: 40) 
(SEQIDNO: 41) 
(SEQIDNO: 42) 
(SEQIDNO: 43) 
(SEQIDNO: 44) 
(SEQIDNO: 45) 
(SEQIDNO: 46) 
(SEQIDNO: 47) 
(SEQIDNO: 48) 
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TCCATGTCGTrCCTGATGCT; 

ACCATGGACGATCTGTTTCCX:crC; 

TCTCCCAGCGTGCGCCAT; 

ACCATGGACGAACTGTTTCCCCTC; 
5 ACCATGGACGAOCTGnTCCCCTC; 

ACCATGGACGACCTGnTCCCCTC; 

ACCATGQACGTACTOTTTCCCCTC; 

ACCATGGACGGTCTGITTCCCCTC; 

ACCATGGACGTTCTGTTTCCCXnX;; 
10 CACGTTGAOGGGCAT; 

TCAGCGTGCGCC; 

ATGACGITCCTGACOTT; 

TCTCCCAGCGGGCGCAT; 

TCCATGTCGTrCCTGTCGTT; 
IS TCCATAGCGTTCCTAGCGTT; 

TCGTCGCTGTCTCCCCTTCTT; 

TCCTGACGTTCCTGACGTT; 

TCCTGTCGTTCCTGTCXjTT; 

TCCATGTCGnTTTGTCGTT; 
20 TCCTGTCGTTCCTTGTCGTT; 

TCCTTGTCGTTCCTGTCGTT; 

TCCTGTCGTTTTTTGTCGTT; 

TCGTCGCTGTCTGCCXnTCTT; 

TCGTCGCrGTTGTCGTTTCrT; 
25 TCCATGCGTGCGTGCXnriT; 

TCCATGCGTTGCGTTGCGTT; 

TCCACGACGTrrTCGACGTT; 

TCGTCGTrGTCGTTGTCGTT; 

TTOTCGTTTTOTCGTTTTQTCGTT; 
30 TCGTCXJTTGTCGTnTGTCGTT; 

QCGTGCGTTOTCGTTGTCGTT; 

TOTCGTTTGTCGTTTGTCGTT; 

TGltXnTGTCGTTGTCGTTGTCGTT; 

TCnCGTTGTCXjTTGTCGTT; 
35 TCGTCGTCGTCGTT; 

TGTCGTTGTCGTT; 

TCCATAGCGTrcCTAGCGlT; 

TOCATGACGTrcCTGACGTT; 

OTCGYT; 
40 TGTCGYT; 

AGCTATGACGTTCCAAGG; 

TCCATGACGTTCCTGACGTT; 

ATCGACTCTCGAACGTTCTC; 

TCCATGTCGGTCCTOACGCA; 
45 TCTTCGAT; 

ATAGGAGGTCCAACGTTCTC; 



(SEQroNO:49) 
(SEQIDNO: 50) 
(SEQE)NO: 51) 
(SEQIDNO: 52) 
(SEQIDNO: 53) 
(SEQIDNO: 54) 
(SEQIDNO: 55) 
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(SEQIDNO: 57) 
(SEQIDNO: 58) 
(SEQIDNO: 59) 
(SEQIDNO: 60) 
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(SEQIDNO: 94) 
(SEQIDNO: 95) 
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The stimulation index of a particular inmiunostimulatory CpG DNA can be tested in 
various immune cell assays. Preferably, the stimulation index of the CpG oligonucleotide 
vnih regard to B cell proliferation is at least about 5, preferably at least about 1 0, more 
preferably at least about 1 5 and most preferably at least about 20 as determined by 
incorporation of uridine in a murine B cell culture, which has been contacted with 20 pM 
of oligonucleotide for 20h at 3VC and has been pulsed vnOx 1 fiCi of uridine; and 
harvested and counted 4h later as described in detail in PCT Published Patent Applications 
claiming priority to US, Serial Nos. 08/738,652 and 08/960,774, filed on October 30, 1996 
and October 30, 1997 respectively. For use in vfvo, for exanq>le, it is important that the CpG 
oligonucleotide be cq>able of effectively inducing IgA expression. 

Hie CpG oligonucleotide can be administered in conjunction with another mucosal 
adjuvant It was discovered according to the invention lhat the combination of a CpG 
oligonucleotide and a mucosal adjuvant produced a synergistic immune response. When the 
CpG oligonucleotide is administered in coiy unction with another adjuvant, the CpG 
oligonucleotide can be administered before, after, and/or simultaneously with the other 
mucosal adjuvant For instance, the CpG oligonucleotide may be administered witii a priming 
dose of antigen. Either or both of the adjuvants may flien be admmistered with the boost dose. 
Alternatively, the CpG oligonucleotide may be administered with aboost dose of antigen. 
Either or both of the adjuvants may then be administered with the prime dose. 

Additionally it has been discovered that mucosal immunity can be induced as long as 
one of the dosages of CpG oligonucleotide is administered to a mucosal surfece. Other doses 
can be administered systemically or mucosally without affecting the induction of the immune 
response. For example, the subject may be primed by mucosal delivery of antigen and CpG 
oligonucleotide, witii or without other mucosal adjuvants and boosted by a parenteral (eg., 
mtramuscular, intradomal or subcutaneous) route of delivery of antigen alone, with 
oligonucleotides, with a non-oligonucleotide adjuvant or a combination of adjuvants that may 
or may not include CpG oligonucleotide. Alternatively, the prime dose may be given 
parenterally and boosted mucosally using the invention. All of these approaches can induce 
strong systemic and mucosal immune responses. Thus the mefliods of the invention 
encompass the administration of at least one dose, either prime or boost or both, to the 



wo 99/61056 PCT/US99/1 1359 

-27- 

mucosal sui&ce. The other doses of CpG oligonucleotide may be administered mucosally or 
systemically* 

A "prime dose'' is the first dose of antigen administered to the subject In the case of a 
subject that has an infection the prime dose may be the initial exposure of the subject to the 

5 infectious microbe (passive exposure) and thus the subsequent purposeful administration of 
antigen (active exposure) with CpG oligonucleotide becomes the boost dose. A "boost dose" 
is a second or third, etc, dose of Bxs&gen administered to a subject that has already been 
exposed to the antigen. In some cases the prime dose administered \vith the CpG 
oligoimcleotide is so effective Hist a boost dose is not required to protect a subject at risk of 

10 infection from being infected. 

The subject is exposed to the antigOT- As used herein, the term "exposed to** refers to 
either the active step of contacting the subj ect vsrith an anti gen or the passive exposure of the 
subject to the antigen in vivo. Methods for the active exposure of a subject to an antigen are 
well-known in tiie art In general, an antigen is administered directly to the subject by any 

IS means such as intravenous, intramuscular, oral, transdermal, mucosal, intranasal, intratracheal, 
or subcutaneous administration. The antigen can be administered systemically or locally* 
Methods for administering the antigm and the CpG oligonucleotide are described in more 
detail below. A subject is passively exposed to an antigen if an antigen becomes available for 
exposure to the immune cells in the body . A subject may be passively exposed to an antigai, 

20 for instance, by entry of a foreign pathogen into tiie body or by tiie development of atumor 
cell CTqpressing a foreign antigen on its surfece. When a subject is passively exposed to an 
antigen it is prefored in some embodiments that the CpG oligonucleotide is an 
oligonucleotide of 8*100 nucleotides in length and/or has a phosphate modified backbone. 
The melfaods in i^ch a subject is passively exposed to an antigen can be particularly 

25 dq)endent on timing of CpG oligonucleotide. For instance, in a subject at risk of developing a 
cancer or an infectious disease or an allergic or asthmatic response, the sul^ect may be 
administered the CpG oligonucleotide on a regular basis ^en that risk is greatest, i.e., during 
allex^ season or after e^qposure to a cancer causing agent Additionally the CpG 
oligonucleotide may be administ^ed to travelers before tiiey travel to foreign lands v^iere 

30 they are at risk of exposure to infectious agrats. Likewise the CpG oligonucleotide and may 
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be administered to soldiers or civiUans at risk of exposure to biowaifare to induce a mucosa] 
iniimine response to the andgen Avhen and if die subject is exposed to it 

An "antigen" as used herein is a molecule capable of provoking an immune response. 
AntigKis include but are not limited to cells. ceU ectracts, protdns, polypeptides, peptides, 
polysaccharides, polysaccharide conjugates, peptide mimics of polysaccharides, Kpids, 
glycolipids, caibohydrales, wuses and viral extracts and muticellular organisms such as 
paraates and allergens. The term antigen broadly includes any type of molecule vMfA. is 
recognized by a host immune system as bang forwgn. Antigens mclude but are not lunited to 
cancer antigens, microbial antigens, and allergens. 

A "cancer antigOT" as used herem is a compound, such as a peptide or protein, 
associated with a tumor or cancer ceU surfece and which is csqjable of provoking an immune 
response -wbsa GKpxessed on the surfece of an antigai presenting cell in the context of an 
MHC molecule. Cancer antigens can be prepared ftom cancer cells eiflier by preparing crude 
extracts of cancer cells, for example, as described in Cohen, et al., 1994, Cancer Research, 
54: 1055, by partially puri^g the antigens, by recombinant technology, or by de novo 
synthesis of known antigens. Cancw antigens include antigens that are recomWnately an 
innnnnogenic portion of or a whole tumor or cancer. Sudi antigens can be isolated or 
prepared tecombinately or by any other means known m die art. 

A •^ciobial antigen" as used herein is an antiga of a ntiawrganism and includes 
but is not limited to infectious vuus, infectious bacteria, mfectious parasites, and infectious 
fungi. Such antigens mclude flie intact microorganism as well as natural isolates and 
fiagmails or daivatives tixareof and also syntiietic compounds which are identical to or 

simite to natural micnjorganism antigens and induce an unmune re^Kmse q)e^ 
micaoorganism. A compound is similar to a natural microorganism antigen if it mduces an 
unmnne response (humoral and/or celhilar) to a natural microorganism antigen. Such 
antigens are used routinely m die art and are weU known to tiiose of ordinary skiU in the art. 

Examples of infectious virus tiiat have beai found m humans include but are not 
lunited to: RetrovMdae (e.g. human immunodeficiency viruses, such as fflV-1 (also refened 
to as HTLV-m, LAV or HILV-IIILAV, or mV-BI; and otiier isolates, such as HIV-LP; 
Picomaviridae (e.g. poUo viruses, hepatitis A virus; enteroviruses, human Coxsackie viruses. 
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rhinovinises, echoviruses); Ccdciviridae (e.g. stiaiiis that cause gastroenteritis); Togaviridae 
(e.g. equine encephalitis viruses, rubella viruses); Flaviridae (e.g. dengue viruses, encephalitis 
viruses, yellow fever viruses); Coronoviridae (e.g. coronaviruses); Rhabdoviradae (e.g. 
vesicular stomatitis viruses, rabies viruses); Coronoviridae (e.g. coronavuruses); 
Rhabdoviriehe (e.g. vesicular stomatitis viruses, rabies wuses); Filoviridae (e.g. ebola 
viruses); Paramyxoviridae (e.g. parainfluenza viruses, mumps virus, measles virus, respiratory 
syncytial virus); Orthoniyxaviriikxe (e.g. influenza viruses); Bungaviridae (e.g. Hantaan 
viruses, bunga viruses, phleboviruses and Nwro viruses); Arena viridae (hemorrhagic fever 
viruses); Reaviridae (e.g, rcoviruscs, orbi\iurses and rotaviruses); Birnaviridae; 
Hepadnmiridae (Hepatitis B virus); Parvovirida (parvoviruses); Papavcmridae (p^illoma 
viruses, polyoma viruses); Adenavtridae (most adraoviruses); Herpesviridae (herpes ^plex 
virus (HSV) I and 2, varicella zoster virus, cytomegalovirus (CMV), heipes virus; Poxviridae 
(variola viruses, vaccinia viruses, pox viruses); and Iridoviridae (e-g. Afiican swine fever 
virus); and unclassified viruses (e,g. Ihe etiolo^cal agents of Spongiform encephalopathies, 
the agent of delta hq)atitis (thought to be a defective satellite of hepatitis B virus), the agents 
of non-A, non-B hepatitis (cla^ 1 = intmaUy transmitted; class 2 - parrateFally traiismitted 
(i.e. Hepatitis C); Norwalk and related vmises, and astroviruses). 

Both gram negative and gram positive bactma serve as antigens in vertebrate animals. 
Such gram positive bactoda include, but are not limited to Pastettretta species, Staphylococci 
species, and Streptococcus species. Gram negative bacteria include, but are not limited to, 
Escherichia coli^Pseudomoruis species^ mdSalmomllaspoci^^ Specific exanq}les of 
infectious bacteria include but are not limited to: Helicobacter pyloris^ Borelia burgdorferi, 
Legionella pneumophilia^ Mycobacteria sps (e.g. M tuberculosis, A£ avium, Af. 
intracellulare, M kansaii, M gordonae), Stcphylococcus aureus, Neisseria gonorrhoeae. 
Neisseria memngitidiSt Listeria monocytogenes. Streptococcus pyogenes (Group A 
Streptococcus), Streptococcus agalactiae (Groiq) B Streptococcus), Streptococcus (viridans 
group). Streptococcus faecalis. Streptococcus bovis. Streptococcus (anaerobic sps.)> 
Streptococcus pneumoniae, pafliogenic Campylobacter sp., Enterococcus sp., Haemophilus 
ir^uenzae. Bacillus cmtracis, corynebacteriwn diphtheriae, corynebacterium sp,, 
Erysipelothrix rhusiopathiae, Clostridium perfringers, Clostridium tetani, Enterobacter 
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aerogenes, Klebsiella pneumoniae^ Pasturella multocida, Bacteroides 5p., Fusobacterium 
nucleattm^ Streptobacillus moniliformis^ Treponema pallidium, Treponema pertenue, 
Leptospira, Rickettsia, and Actinomyces israelii. 

Examples of infectious fiingi include: Cryptococcm neoformans^ Histoplasma 
5 ccg>suiatumy Coccidioides immitis, Blastomyces dermatitidis. Chlamydia trachoTnatis, 
Candida albicans. Ofb&s infectious organisms (Le., protists) include: Plasmodium such as 
Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, and Plasmodium vivax 
and Toxoplasma gondii. 

Other medicaUy relevant microorganisms have been descried extensively in &e 

10 literature, ag., see CGA Thomas, Medical Microbiology^ Bailliere Tmdall, Great Britain 
1983, the entue contents of \^duch is hetd^y incorporated by reference. 

Although many of the microbial antigens described above relate to human disorders, 
the mvention is also usefiil for treating other nonhuman vertebrates. Nonhuman vertebrates 
are also c^ble of developing infections vdiich can be prevented or treated with the CpG 

15 oligonucleotides disclosed herem. For instance, in addition to the treatment of infectious 
human diseases, flie me&ods of the mvention are useful for treating infections of animals. 

As used herdn, the t©cm 'Hreat",'^ted% or 'Ireating" 
infiectious disease refers to a prophylactic treatment which increases Ae resistance of a subject 
(a subject at risk of infection) to infection wifli a pathogen or, in other words, decreases the 

20 likelihood that the subject will become mfected wifli die pathogen as well as a treatment after 
the subject (a subject v*o has been infected) has become infected in order to fight the 
infection, e.g-, reduce or eliminate flie infection or prevent it firom becoming worse. 

Many vaccines for the treatmrat of non-human vertebrates are disclosed m B wmett, K. 
Compendium of Veterinary Products^ 3rd ed. North American Compendiums, Inc., 1995. As 

25 discussed above, antigens include infectious microbes such as virus, bacteria and fimgi and 
fiagments thereof derived fiom natural sources or synthetically. Infectious virus of both 
human and non-human votebrates, mclude retroviruses, RNA viruses and DNA viruses. This 
group ofretroviruses includes both simple retcoviiuses arid comply retrovi^^ The simple 
retroviruses include the subgroups of B4ype retrovhuses, C-type retrowuses and D-type 

30 retroviruses. An exainpleofaB-type retrovirus is mouse mamniaiy tumor virus (]^^ 
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The C-type retroviruses include subgroiqjs C-type group A (including Rous sarcoma virus 
^SV), avian leukraiia virus (ALV), and avian myeloblastosis virus (AMV)) and C-type 
group B including murine leukemia virus (MLV), feline leukemia virus (FeLV), murine 
sarcoma virus (MS V), gibbon ape leukemia virus (GALV), spleen necrosis virus (SNV), 

5 reticuloendotheUosisvinjs(RV) and siiniansarcoiim virus (SSV)). The D-type retroviruses 
include Mason-Pfizer monkey virus (MPMV) and simian retrovirus type 1 (SRV-1). The 
complex retroviruses include the subgroups of lentivinises» ThxII leukemia viruses and the 
foamy viruses. Lentiviruses include HTV-l, but also include HIV-2, SIV, Visna virus, feline 
immunodeficiency virus (FIV), and equine infectious anemia virtis (EIAV). The T-cell 

10 leukemia viruses include HTLV-1 , HTLV-II, simian T-«ell leukemia virus (STLV), and 

bovine leukemia virus (BLV). He foamy virus^ include human foamy virus (HFV), simian 
foamy virus (SFV) and bovine foamy virus (BFV), 

Examples of other RNA viruses that are antigens in vertebrate animals include, but are 
not limited to, the following: members of the &mily Reoviridae, including tiie genus 

IS Orthoieovirus (multiple serotypes of both mammalian and avian retroviruses), the goius 
Orbivirus (Bluetongue virus, Eugoiangee virus, Kemorovo virus, Afiican horse sidme^ 
virus, and Colorado Tick Fever virus), the genus Rotavirus (human rotavirus, Nebraska calf 
diarrhea virus, murine rotavirus, simian rotavirus, bovine or ovine rotavirus, avian rotavirus); 
the &mily Picomaviridae, including the genus ^iteiovinis ^liovirus, Coxsadde virus A and 

20 B, enteric cytopathic human orphan (ECHO) viruses, h^atitis A virus. Simian enteroviruses. 
Murine encephalomyelitis (ME) viruses, Poliovinis minis. Bovine enteroviruses, Porcme 
enteroviruses , the genus Cardiovuus (Encepbalomyocarditis virus (EMC), Mengovtrus), the 
g&xMs Rhinovirus (Human ifainovimses including at least 1 13 subtypes; other rfainovtruses), 
the genus Apthovirus (Foot and Mouth disease (FMD V); the family Calciviridae, including 

25 Vesicular exanthema of s\^e virus, San Miguel sea lion virus. Feline picomavirus and 
Norwalk virus; the fiunily Togaviridae, including the genus Alphavirus (Eastern equine 
encephalitis virus, Semliki forest virus, Smdbis virus, Chikungunya virus, 0*Nyong-Nyong 
virus, Ross river vhiis, Veneaielan equine encephaHtis virus, Westeni equine encephaU^ 
virus), the genus Flavirius (Mosquito borne yellow fever virus, Dengue virus, Japanese 

30 encephalitis virus, St Louis encq}haliti5 vims, Murray Valley encephalitis virus. West Nile 
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virus, Kunjin virus. Central European tick borne virus. Far Eastern tick borne virus, Kyasanur 
forest virus, Lotting III virus, Powassan vims, Omsk hemorrhagic fever virus), the genus 
Rubivirus (Rubella virus), the geaius Pestivirus (Mucosal disease virus. Hog cholera wus. 
Border disease virus); the femily Bunyaviridae, including the genus Bunyvirus (Bunyamwra 
5 and related viruses, California encephalitis group viruses), the genus Phlebovirus (Sandfly 
fever Sicilian virus. Rift Valley fever virus), the genus Nairovirus (Crimean-Congo 
hemorrhagic fever virus, Nairobi sheep disease virus), and the genus Uukuvirus (Uukunicmi 
and related viruses); the family Ortfaomyxoviridae« including the genus Influenza virus 
(Influenza virus type A, many human subtypes); Swme influenza virus, and Avian and Equine 

10 Influenza viruses; mfluenza type B (many human subtypes), and influenza type C (possible 
separate genus); the femily paiamyxoviridae, including the genus Paramyxovirus 
(Pardnfluenza virus type 1, Sendai vims. Hemadsorption virus, Parainfluenza viruses types 2 
to 5, Newcastle Disease Virus, Mumps virus), the genus Morbillivirus (Measles virus, 
subacute sclerosmg panencephalitis virus, distemper virus. Rinderpest virus), the genus 

15 Pneumovirus (respiratoiy syncytial virus (RSV), Bovme respiiatoiy syncytial virus and 
Pneumonia virus of mice); forest virus, Sindbis vnus, Chikungunya virus, OWyong-Nyong 
virus, Ross river virus, Venesuelan equine encephalWs virus, Western equine encq)halitis 
virus), the genus Flavirius (Mosquito borne yellow fever virus. Dengue virus, Japanese 
encephalitis virus, St Louis encephalitis virus, Murray Valley encephalitis virus. West Nile 

20 virus, Kunjin virus. Cental European tick borne virus. Far Eastern tick borne virus, Kyasanur 
forest virus, Louping HI virus, Powassan virus, Omsk hemonhagic fever virus), the genus 
Rubivirus (Rubella virus), Ac genus Pestivirus (Mucosal disease vmis. Hog cholera vmis. 
Border disease virus); the femily Bunyaviridae, mcluding the genus Bunyvhus (Bunyamwera 
and related viruses, California encephalitis group vhuses), the genus Phlebovirus (Sandfly 

25 fever Sicilian virus. Rift Valley fever vkus), the genus Nairovirus (Qimean-Congo 

hemorrhagic fever virus, Nairobi sheep disease virus), and the genus Uukuvmis (Uukunicmi 
and related viruses); the femily Orfhomyxoviridae, including the genus Influenza virus 
(InfluOTzavuus type A, many human subtypes); Swine influraza virus, and Avian and Equine 
Influenza viruses; influenza type B (many human subtypes), and influenza ty^ C (possible 

30 separate genus); the femily paramyxoviridae,includiiig the genus Paramyxovirus 
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(Parainfluenza virus type 1, Seadai virus, Hemadsotption virus. Parainfluenza viruses types 2 
to 5, Newcastle Disease Virus, Mumps virus), &e genus Morbillivirus (Measles virus, 
subacute sclerosing panencephalitis virus, distemper virus, Rinderpest virus), the genus 
Pneumovirus (respiratory syncytial virus (RSV), Bovine respiratory syncytial virus and 

5 Pneumonia virus of mice); the &mily Rhabdoviridae, including the g^us Vesiculovirus 

(VSV), Chandipura virus, Flanders-Hart Paric virus), the genus Lyssavirus (Rabies virus), fish 
Rhabdovxruses, and two probable Rhabdoviruses (Marburg virus and Ebola virus); the femily 
Arenaviridae, including Lymphocytic choriom^ungitis virus (LCM), Tacaribe virus con^)lex, 
and Lassa vims; the &mily Coronoaviridae, including Infectious Bronchitis Vims (IBV), 

1 0 Mouse Hepatitis virus, Human enteric corona virus, and Feline infectious peritonitis (Feline 
coronavirus). 

Illustrative DNA viruses that are antigens in vertebrate animals include, but are not 
limited to: the femily Poxviridae, includmg the genus Orttiopoxvirus (Variola major. Variola 
minor. Monkey pox Vaccinia, Cowpox, Buf&lopox, Rabbitpox, Ectromelia), the genus 

15 LqjKnipoxvirus (Myxoma, Fibroma), the g^ms Avipoxvirus (Foi^vlpox, other avian poxvirus), 
the genus Capr^oxvirus (sheeppox, goatpox), the gcmas Suipoxvirus (Swin^x), the genus 
Pan^xvirus (contagious postular dermatitis virus, pseudocowpox, bovine p^ular stomatitis 
virus); the &mily IridoAiridae (AMcan swine fever virus. Frog viruses 2 and 3, Lymphocystis 
virus of fish); the fiimily Herpesviiidae, uicludii^ the alpha-Herpesviruses (Herpes Simplex 

20 Types 1 and 2, Varicella-Zoster, Equine abortion virus. Equine herpes virus 2 and 3, 
pseudorabi^ virus, infectious bovine keratocoi^unctivitis vuiis, infectious bovine 
rbinotracheitis virus, feline ifainotradieitis virus, mfectious laryngotracheitis virus) the 
Beta-herpesviruses (Human cytomegalovirus and cytomegaloviruses of swine, monkeys and 
rodents); the gamma-herpesviruses (Epstein-Ban virus (i^V), Marek*s disease virus. Herpes 

25 sauniri. Herpesvirus ateles, H^pesvirus sylvil^us, guinea pig herpes virus, Lucke tumor 
virus); Ifae family Adenoviridae, including the genus Mastadenovirus (Human sabgro\q>s 
A3»C J>3 and txngroiq)ed; simian adoioviruses (at least 23 serotypes), infectious canine 
hepatitis, and adenoviruses of cattle, pigs, sheq), £ix>gs and many other species, the genus 
Aviadenovirus (Avian adenoviruses); and non-cultivatable adenoviruses Has femily 

30 P^viridae, including the gems P^illomavirus (Human papilloma viruses, boviae p£q)illoma 
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viruses, Shope rabbit papiUoma virus, and various pathogenic papilloma viruses of other 
species), Ihe genus Polyomawus (polyomavirus, Simian vacuolating agent (SV-40), Rabbit 
vacuolating agent (RKV), K virus, BK virus, JC vims, and other primate polyoma viruses 
such as Lymphotrophic papilloma virus); the femily Parvoviridae including the genus 
Adeno-associated viruses, the genus Parvovirus (Feline panleukopenia virus, bovine 
parvovirus, canine parvovirus, Aleutian mink disease virus, etc). Finally, DNA viruses may 
inchide viruses which do not fit into the above femilies such as Kuru and Creutzfeldt-Jacob 
disease viruses and chronic infectious neuropa&ic agents (CHINA virus). 

Each of the foregoing lists is illustrative, and is not intended to be limitii«g. 

In addition to the use of flie CpG oligraiucleotides to induce an antigen specific 
immune response in humans, the methods of the preferred embodiments are particularly well 
suited for trealment of birds such as hois, diidcens, turiceys, ducks, geese, quail, and pheasant 
Buds are prime targets for many types of infections. 

Hatching birds are exposed to padiogenic microoiganisms Portly after birth. 
Although these birds are initiaUy protected against pathogens by maternal derived antibodies, 
this protection is only tenq»oraiy, and the bird's own hnmature immune system must begm to 
protect the bird against the pathogens. It is often desirable to prevent infection in young Wids 
vrbsm they are most susceptible. It is also desirable to prevent against infection in older birds, 
especially v*en the Wrds are housed in closed quarters, leading to the rapid spread of disease. 
Thus, it is desirable to admmister the CpG oligonucleotide and the non-nucleic acid adjuvant 
of die invaition to birds to enhance an antigen-specific immune response when antigeQ is 
present 

An example ofa common infection in chickens is chicken infectious anemia vims 
(CIAV). CIAV was first isolated in Japan in 1979 during an investigation of a Maidc's 
disease vaccination break (Yuasa et aL, 1979, Avian Dis. 23:366-385). Smce that time, CIAV 
has been detected in commercial pouhiy in aU major poultiy producing countries (van Bulow 
et aL, 1991, pp.690^99) in Diseases of Poultry, 9th edition, Iowa State University Press). 

CIAV infection resuhs ma clinical disease, characterized by anemia, hemonhageand 
immunosuppression, in young susceptible chickens. Atrophy of the thymus and of the bone 
marrow and consistent lesions of OAV-infected chickens are also characteristic of CIAV 
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infection. Lymphocyte depletion intiie thymus, and occasionally in the bursa of Fabridus, 
results in immunosuppression and increased susceptibility to secondary viral, bact^ial, or 
fungal infections which then complicate the course of the disease. The iimnunosuppression 
may cause aggravated disease after infection witii one or more of Marek's disease virus 
(MDV)» infectious bursal disease virus, reticuloendotheiiosis virus, admovirus, or reovirus. It 
has been r^xxrted that patiiogenesis of MDV is enhanced by CIAV (DeBoer et al., 1989, p. 2S 
In Proceedings of the 38th Western Poultry Diseases Conf^ence, Tempe, Ariz.). Furflxer, it 
has been reported that CIAV a^ravates the signs of infectioxis bursal disease (Rosmbecger et 
al., 1989, Avian Di& 33:707-713). Chickens develop an age redstance to experimentally 
induced disease due to CAA. This is essentially complete by tibe age of 2 weeks, but older 
birds are still susceptible to infection (Yuasa,N. et aL, 1979 supra; Yuasa,N. et al., Arian 
Diseases 24, 202-209, 1980). However, if chickens are dually infected with CAA and an 
immunosq)pressive agent (IBD V, MDV etc.) age resistance against tiie disease is delayed 
(Yuasa, N. et aL, 1979 and 1980 supra; Bulow von V. et aL, J. Veterinary Medicine 33, 
93-1 16, 1986). Characteristics of CIAV that may potentiale disease transmission include high 
resistance to environmental inactivation and some conmion di:nnfectants. Tbe economic 
unpact of CIAV infection on the poultry mdustry is clear from the £urt that 1 0% to 30% of 
infected birds in disease outiireaks die. 

Vaccination of birds, like other votebrate animals can be performed at any age. 
NormaUy, vaccinations are perfomied at up to 12 weeks of age for a live microorganism 
between 14*18 weeks for an inactivated nucroorganism or other type of vaccine. Forinovo 
vaccination, vaccination can be performed in the last quarter of embryo development. The 
vacdne may be administered subcutaneously, by spray, orally» inlraocularly, intratxadieally, 
nasally, or by other miicosaldeliveiy methods described herein. Thua,theCpG 
oligonucleotide of the invention can be administered to birds and other nonrhuman vertebrates 
using routine vaccination schedules and the antigen is admioistered after an iqjpropriate time 
period as described herein. 

Cattie and livestock are also susceptible to infection. Disease which affect these 
animals can produce severe economic losses, especially amongst catde. The methods of the 
invention can be used to protect against infection in livestodc, such as cows, horses, pigs. 
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sheep, and goats. 

Cows can be infected by bovine viruses. Bovine viral dianrhea virus (BVD V) is a 
small enveloped positive-stranded RN A virus and is classified, along with hog cholera virus 
(HOCV) and sheep border disease virus (BDV), in the pestivirus genus. Although, 
Pestiviruses were previously classified in the Togaviridae &inily, some studies have 
suggested their reclassification within the Flaviviridae &mily along with the flavivinis and 
hepadtis C virus (HCV) groups (Francki, et al., 1 991). 

BVDV, vMch is an important pathogen of catde can be distinguished, based on cell 
culture analysis, into cytopatfaogenic (CP) and noncjrtopathogenic (NCP) biotypes. The NCP 
biotype is more widespread although both biotypes can be found in cattle. If a pregnant cow 
becomes infected with an NCP strain, the cow can give birth to ap^sistentiy infected and 
specifically immunotolerant calf that will spr^ virus during its lifetime. The persistently 
infected catde can succumb to mucosal disease and bodi biotypes can then be isolated fiom 
die animal. Cliiucal manifestations can include abortion, teratogenesis, and respiratory 
problems, mucosal disease and mild diardiea. In addition, severe thrombocytopenia, 
associated with h^ epidemics, that may result in the death of the animal has been described 
and strains associated widi this disease seem more virulent than the classical BVD Vs. 

Equine herpesviruses (EHV) comprise a group of airttgenically distinct biological 
agents which cause a variety of infections in horses ranging fiom subclinical to fatal disease. 
These include Equine herpesvirus*! (EHV-1), a ubiquitous pathogen in horses. EHV-1 is 
associated with epidemics of abortion, respiratory tract disease, and central nervous sjrstem 
disorders. Primary mfection of iqiper respkatory tract of young horses results in a febrile 
illness which lasts for 8 to 10 days. Immunologically experienced mares may be reinfected via 
the respiratory tract witliout disease becoming apparmt, so that abortion usually occurs 
witiiout warning. Tbe neurological syndrome is associated with respiratory disease or abortion 
and can affect animal s of either sex at any age, leading to incoordinationL, weakness and 
posterior paralysis (Telford, E. A. R- et al.. Virology 189, 304-316, 1992). Other EHV's 
include EHV-2, or equine cytomegalovirus, EHV-3, equine coital exantherna virus, and 
EHV-4, previously classified as EHV-1 subtype 2. 

Sheqp and goats can be infected by a variety of dang^us microorganisms including 
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visna-maedi* 

Primates such as monkeys, apes and macaques can be infected by simian 
iixununodeficien<^ virus. Inactivated cell-virus and cell-fiee vAiolo simian immimodeficiency 
vacdnes have been reported to afford protection in macaques (Stott et al. (1 990) Lancet 

5 36:1538-1541; Desrosieis et ai. PNAS USA (1989) 86:6353-6357; Murphey-Corb et al. 
(1989) Science 246:1293-1297; and Carlson et al. (1990) AIDS Res. Human Retroviruses 
6:1239-1246). A recombinant HIV gpl20 vaccine has been reported to afford protection in 
diimpanzees (Bennan etal. (1990) Nature 345:622-625). 

Cats, both domestic and wild, are susceptible to infection vnih a variety of 

10 microoiganisms. For instance, felixieinfxtiousp^tonitis is a disease ^^ch occurs in both 
domestic and wild cats, such as lions, leopards, dieetahs, and j^^uars. When it is desirable to 
prevent infection with this and other types of pathogenic organisms in cats, the methods of the 
invention can be used to vaccinate cats to protect them against infection. 

Domestic cats may become infected with several retroviruses, including but not 

1 s limited to feline leukemia virus (FeLV), feline sarcoma virus (FeSV), endogenous type C 
oncornavirus (RD-1 14), and feline syncytia-fenning \arus (FeSFV). Of these, FeLV is the 
most significant pathogen, causing diverse symptoms, including lymphoreticular and myeloid 
neoplasms, anemias, immune mediated disorders, and an ixmnunodeficiency syndrome 
vMch is sinular to human acquired immime deficiency syndrome (AIDS)* Recently, a 

20 particular replication-defective FeLV mutant, designated FeLV-ATOS, has been more 
particularly associated with immuiu>svq)pressive piop^es. 

The discovery of feline T-lymphotropic lentivirus (also referred to as feline 
immunodeficiency) was first reported in Pedersm et al. (1987) Science 235:790-793. 
Characteristics of FIV have been reported in Yamamoto et al. (1988) Leukemia, December 

25 Supplem^ 2'.204S-215S; Yamamoto et aL (1988) Am. J. Vet Res. 49:1246-1258; and 

Ackley et al. (1990) J. Virol. 64:5652-5655. Cloning and sequence analysis of FIV have been 
reported in Ohnsted et al. (1989) Free. Natl Acad. ScL USA 86:2448-2452 and 
86:4355-4360. 

Feline infectious pCTtonitis (FIP) is a sporadic disease occurring urqiredictably in 
30 domesticandwildFelidae. While FIP is primarily a disease of domestic cats, it has been 
diagnosed in lions, mountain lions, leopards, cheetahs, and the jaguar. Smaller wild cats that 
have been afflicted with FIP include the lynx and caracal, sand cat, and pallas cat In domestic 



wo 99/61056 PCT/OS99/H359 

-38- 

cats, the disease occurs predominantly in young animals, although cats of all ages are 
spusceptible, A peak incidence occurs between 6 and 12 months of age. A decline in incidence 
is noted from 5 to 13 years of age, followed by an increased incidence in cats 14 to 15 years 
old. 

Viral, bacterial, and parasitic diseases in fin-fish, shellfish or other aquatic life fonns 
pose a serious problem for the aquaculture industry. Owing to the high density of animals in 
the hatchery tanks or enclosed marine fiirming areas, infectious diseases may eradicate a large 
proportion of the stock in, for ejcample, a fin-fish, shellfish, or other aquatic life forms fecility. 
Prevention of disease is a more desired remedy to these threats to fish than interv^tion once 
the disease is in progress. Vaccination of fish is the only preventative me&od ^ch may offer 
long-tmn protection through immunity. Nucleic add based vaccinations are described in US 
Patent No. 5,780,448 issued to Davis, 

The fish innnune system has many features similar to the mammalian inmiune system* 
such as the presence of B cells, T cells, lymphokines, complement, and immunoglobulins. 
Fish have lymphocyte subclasses wth roles ttiat £^pear similar in many respects to those of 
the B and T cells of mammals. Vaccmes can be administered by iimnersion or orally. 

Aquaculture species include but are not limited to fin-fish, shellfish, and ottier aquatic 
animals. Fin-fish include all vertebrate fish, vAndii may be bony or cartilaginous fish, such as, 
fi)r example, sahnonids, carp, catfish, yellowtail, seabream, and seabass. Sahnonids are a 
femily of fin-fish Mdiich include trout (including rainbow trout), sahnon, and Arctic diar. 
Examples of shellfish niclude, but are not limited to, dams, lobster, shrimp, crab, and oysters. 
Other cultured aquatic animals include, but are not limited to eels, squid, and octopi. 

Polypeptides of viral aquaculture pathogens include but are not limited to glycoprotein 
(Q) or nucleoprotdn (N) of viral hemonhagic sqpticcmia virus (VHS V) ; O or N protems of 
infectious hematopoietic necrosis virus (IHNV); VPl, VP2, VP3 or N structural proteins of 
infectious panraeatic necrosis virus (IPNV); G protein of spring viremia of carp (SVC); and a 
memhrane-assodated protein, tegumin or capad protdn or glycoprotein of channel catfiish 
virus (CCV). 

Polypeptides of bacterial palhogais include but are not limited to an iron-regulated 
outex membrane protein, (IROMP), an outer membrane protem (OMP), and an A-protem of 
Aeromonis sahnonicida vMcb causes fiirunculosis, p57 protein of Renibacterium 
sahnomnarum which causes bacterial kidney disease (BKD), major surfece associated antigen 
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(msa), a surface eTqxressed c^toxin (mprX a surface expressed hemolysin (ish), and a 
flagellar antigen of Yersioiosis; an extracellular protein (BCP), an iron-regulated outer 
membrane protein QROMP), and a structural protein of Pasteurellosis; an OMP and a flagellar 
protein of Vibrosis anguillarum and V, ordalii; a flagellar protein, an OMP piotein,aroA, and 
purA of Edwardsiellosis ictaluri and E. tarda; and surface antigen of Ichthyophthirius; and a 
sfmcturol and regulatory protein of C^phaga coluninari; and a structural and regulatory 
protein of Rickettsia 

Polyi^tides of a parasitic pathogen include but are not limited to the surface antigens 
oflchthyoiAfhirius. 

An "allergy" refers to a substance (antigen) tiiat can induce an allergic or asthmatic 
response in a susceptible subject The list of allergens is enormous and can include pollens, 
insect venoms, animal dander dust, fimgal spores and drugs (e.g. penicillin). Examples of 
natural, animal and plant allergens include but are not limited to proteins specific to the 
following genuses: Canine (Canis famillaris)\ Dermatophagoldes (e.g. Dermatophagoides 
farinae); Felis (Felis domesticus); Ambrosia (Ambrosia artemiisfolia; Lolivm (e.g. Lolium 
pereme or Lolium multiflorum); Cryptomeria {Cryptomeria Jcponica); Alternaria {Altemaria 
altemata); Ahien Alnus {Abtus guliinoasa); Betula {Betula verrucosa); Quercus (Quercus 
alba)i Olea (Olea europa); Artemisia (Artemisia vulgaris); Plantago (e,g. Plantago 
lanceolata); Parietarta (e.g. Parietaria officinalis or Parietaria judaica); Blaitella (e.g. 
Blattella germanica); Apis (e.g. Apis multiflorum); Cupressus (e.g. Ctq^ressus sempervirens, 
Cvpressus arizonica and Cupressus macrocarpd); Juniperus (e.g. Jumperus sabinoides, 
Jumperus virgirdana, Juniperus communis and Juniperus ashet); Thuya (e.g. Tlmya 
orientalis); Chamaecyparis (e.g. Chamaecyparis obtusa); Periplaneta (e.g. Periplaneta 
americana); Agropyron (e.g. Affvpyron repens); Secale (e.g. Secale cereale); Triticum (e.g, 
Triiicum aestivum); Dactylis (e.g. Dactylis glomeratd); Festuca (e.g. Festuca elatior); Poa 
(e.g. Poa pratensis or Poa compressa); Avena (e.g. Avena sativa); Holcus (e.g. Holcus 
lanatus); Anthoxanthum (e.g. Anthoxanihum odoratum); Arrhenatherum (e.g. Arrhenatherum 
ekuius); Agrostis (e,g. Agrostis alba); PMeum (e.g. Phleum pratense); Phalaris (e.g» Phalaris 
arundinacea); Paspalism (e.g* Paspalum notatwn); Sorghum (e.g. Sorghum halepensis); and 
Bromus (e.g. Bromus inermis). 

The antigen may be an antig^ tiiat is encoded by a nucleic acid vector or it may be not 
encoded in a nucleic acid vector. In the former case the nucleic acid vector is administered to 
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&e subject and the antigen is expressed in vivo. In the latter the antigen is administered 
directly to the subject An ^antigen not encoded in a nucleic acid vector^ as used herein refers 
to any type of antigen that is not a nucleic acid For instance, in some aspects of the invention 
the antigen not encoded in a nucleic acid vector is a polypeptide. Minor modifications of the 
primary amino acid sequences of polypeptide antigens may also result in a polypeptide \^ch 
has substantially equivalent antigenic activity as compared to the unmodified counterpart 
polypeptide. Such modifications may be deliberate, as by site-directed mutagenesis, or may 
be spontaneous. All of the polypeptides produced by these modifications are included herein 
as long as antigenicity still exists. The polypeptide may be, for example, a viral polyp^de. 
One non-limiting exanq>le of an antigen usefiil according to the invention is the hepatitis B 
sur&ce antigen. E^qpcriments using this antigen are described in the Examples below. 

Tlie term "substantially purified'* as used herein refers to a polypeptide which is 
substantially of oiber proteins, lipids, carbohydrates or other ntutoials widi which it is 
naturally associated One skiUed in the art can purify viral or bacterial polypeptides using 
standard tedmiques for protein purification. The substantially pure polypeptide will ofien 
yield a single major band on a non-reducing polyacrylamide gel. In the case of partially 
glycosylated polypeptides or those fliat have several start codons, thm may be several bands 
on a non-reducing polyacrylamide gel, but these wUl form a distinctive pattern for that 
polypeptide. Hie purity of the viral or bacterial polypeptide can also be determined by 
amino-terxninal amino acid sequence analysis. 

The invention also utilizes polynucleotides encoding the antigenic polypeptides. It is 
environed that the antigen may be delivered to the subject in a nucldc acid molecule v4uch 
encodes fi>r the antigen suc^ that the antigen must be expressed in vrvo^ Suchantigens 
delivered to he sulg ect in a nucleic acid vector are referred to as "antigens encoded by a 
nucleic acid vector." The nucldc add encoding the antigen is operatively linked to a goie 
expresdon sequence vibidk directs the expression of the antigen nucleic add within a 
eukaryotic cell. The "gene expression sequence" is any regulatory nucleotide sequence, such 
as a promoter sequence or promoter-enhancer combination, vAddx fecilitates the efi&cient 
transcription and translation of the antigen nucleic add to which it is operativdy linked Hie 
gene e)q}ression sequence may, for example, be a mammalian or viral promoter, such as a 
constitutive or inducible promoter. Constitutive manunalian promoters include, but are not 
limited to, the promoters for the following genes: hypoxanthine pho^horibosyl transferase 
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(HPTR), adenosine deaminase, pyruvate kmase» P^actin promoter and other constitutive 
promote. Exemplary ^dral promoters vMdi function constitudvely in eukaxyotic cells 
include, for ©cample, promoters from the cytomegalovirus (CMV), simian virus (e.g., SV40), 
papilloma virus, adenovirus, human immunodeficiency virus (HIV), Rous sarcoma virus, 

s cytomegalovirus, the long terminal repeats (LTR) of Moloney leukemia virus and other 
retroviruses, and the thymidine kinase promoter of herpes simplex virus. Other constitutive 
promoters are known to those of ordinary skill in the art The promoters useful as gene 
e^gnression sequences of Ihe invention also include inducible promoters. Inducible promoters 
are expressed in the presence ofan inducing agent For example, the metallothionein 

10 promoter is induced to promote transcription and translation in the presence of certain metal 
ions. Other itiducible promoters are known to those ofordinary skill in flie art 
In general, the gene expression sequence shall include, as necessary, S' 
non-transcribing and S' non-translatii^ sequences involved with the initiation of tran^ption 
and translation, respectively, such as aTATA box, cqspii^ sequ^ice, CAAT sequence, and 

15 the like. Especially, such S' nou'^tianscribing sequraces will include a promoter region i^di 
includes a promoter sequence for transcriptional control of Ihe op^ably joined antigen nucleic 
add. The gene expres^on sequences optionally include enhancer sequences or upstream 
activator sequences as desired. 

The antigen nucldc add is operatively linked to the gene e)q]ression sequence. As 

20 used herein, the antigen xrucldc add sequence and the gene expression sequence are said to be 
^operably linked' when ttiey are covalortly linked in such a way as to place the expression or 
transcription and/or translation of the antigen coding sequence unda- the influence or control 
of the gene expression sequence. Two DNA sequences are said to be operably Unked if 
induction of a promoter in ttte 5' gene e^qsression sequmce results in the transoiption of the 

25 antigen sequence and if tibe nature of the Unkage between the two DNA sequences does not 
(1) result m ^ introduction of a fiame-shift mutation, (?) mtofere with the ability of the 
promoter region to direct the transciiptioh of the antigm sequence, or (3 ) interfere with the 
ability oftiie corresponding RNAtranscrqyt to be translated into a protein. Thus,agene 
expr^sion sequence would be operably linked to an antigen nucldc add sequence if the gene 

30 expression sequence were capable of eiBfecting transcription of that antigen nucldc add 

sequence such that the resulting transcript is translated into tiie desired protein or polypeptide. 
The antigen nucldc add of the invention may be delivoned to the inmiune syst^ 
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alone or in association with a vector. In its broadest sense, a "vector" is any vehicle capable of 
fecilitating the transfer of the antigen nucleic acid to the cells of the immune system so that 
the antigen can be expressed and pr^ented on the sur&ceofthe immune cell. Thevector 
generally transports the nucleic add to the immune cells vdth reduced degradation relative to 

5 the ejrtent of degradation that would result in ^e absence of the vector. The vector optionally 
includes the above-described gene expression sequence to enhance expression of the antigen 
nucleic acid in mimune cells. In general, the vectors usefiil in the invention include, but are 
not limited to, plasmids, phagemids, viruses, oth» vehicles derived firom viral or bacterial 
sources tfiat have been manipulated by the insertion or incorporation of the antigen nucleic 

10 acid sequences. Viral vectors area prefenred type ofvector and include, but are iiot limited to 
nucleic acid sequences fiom the following viruses: retrovirus, sudi as Moloney murine 
leukoma virus, Harvey murine sarcoma virus, murine mammary tumor virus, and Rous 
sanx)ma virus; adenovirus, adeno-assodated virus; SV40-type viruses; polyoma viruses; 
Epstein-Barr viruses; papilloma viruses; herpes virus; vaccinia virus; polio vuns; and RNA 

15 virussuchasaretrovuus. Onewinreadilyemploy other vectors not riamed but known to the 
art 

Preferred vual vectors are based on non-cytopatfaic ^ikaryotic viruses in which 
non-essential genes have been r^laced with the gene of interest Non-cytopathic viruses 
include retroviruses, flie life cycle of which involves reverse transcription of genomic viral 

20 RNA into DNA with subsequent pioviral integration into host cellular DNA. Retroviruses 
have been £q]proved for human gene therapy trials. Most useful are those retroviruses diat are 
replication-deficient O-e., capable of directing synthesis of the desked proteins, but incapable 
ofmanu&cturing an infectious particle). Such genetically alt^ped retroviral e^qpression vectors 
have general utiliQr for the high-^fiiciency transduction of genes in vivo. Standard protocols 

25 for produciiig replication-deficient retrovinises(mciuding the ste^ 

exogenous genetic material into a plasmid, transfection of a packaging cell lined with plasmid, 
production of recombmant retroviruses by tiie pack^ii^ cell line, collection of vital particles 
fit>m tissue culture media, and in&ction of the target cells with viral particles) are provided in 
Kriegler, M,, "Gene Transfer and Expression, A Laboratory Manual," W.H. Freeman CO., 

30 New York (1990) and Murry, E J. Ed "Methods in Molecular Biology," vol. 7, Humana Press, 
Ina, Clifflon, New Jersey (1991), 

A preferred vhus for certain supplications is the admo-assodated virus, a 
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double-stianded DNA virus. The adaio-associated virus can be engineered to be replication 

-deficient and is capable of infecting a wide range of cell types and species. It further has 

advantages such as. heat and Upid solvent stabiHty; high transduction fiequencies in cells of 

diverse lineages, including hemopoietic cells; and lack of superinfection inhibition thus 

allowing multiple series of transductions. Reportedly, the adeno-assodated virus can 

integrate into human ceUular DNA in a ate-spedfic manner, thereby minimiring the 

posfflbiUty of insertional mutagenesis and vatiabiKty of inserted gene expression diaracteristic 

of letroviral infection. In addition, wild-type adeno-associaled virus infections have been 

foUowed m tissue culture for greater than 100 passages in flifi absence of selective pressure, 

implying that the adeno-associaled virus genomic integration is a relatively stable event The 

adeno-associated virus can also function in an extrachiomosomal feshion. 

Oflier vectors inchide plasmid vectors. Plasmid vectors have been extensively 

described m the art and are weU-known to those of skill in the art See e.g., Sambrook et aL, 

-Molecular Qoning: A Laboratory Manual," Second Edition, Cold Spring Harbor Laboratory 

Press, 1989. In the last few years, plasmid vectors have been found to be particularly 

advantageous for deBvering genes to cells in vivo because of their inability to repHcate within 

and integrate into a host genome. Tbese plasmids, however, having a promoter compatible 

with the host cell, can oqjress a peptide ftom a gene operathrely encoded within the plasmid. 

Some commonly used plasmids inchide pBR322, pUC18, pUC19, pRC/CMV, SV40, and 

pBhieScript Other plasmids are wdl-known to those of oidioaiy skill in the art 

Additionally, plasmids may be custom designed using restriction en^es and ligation 

reactions to remove and add specific fisgments of DNA. 

It has recently been discovered that gene canying plasmids can be delivered to the 

immune system using bacteria. Modified forms ofbacteria such as &i/OToneHa can be 
transfected with the plasmid and used as deUveiy vehicles. The bacterial deUvery vehicles can 
beadministeredtoahostsubjectorallyorbyotheradministrationineans. The bacteria deUver 
the plasmid to immune cells, e.g. dendritic cells, probably by passing through flie gut barrier. 
Hi^ levels of immune protection have been established using fliis methodology, Sudi 
methods of deUvery are useful for the aspects of the mvention utilizing systemic deUvery of 
antigen, CpG oligonucleotide and/or hormone. 

CpG oligonucleotide can act in a synogistic manner witii other mucosal adjuvants to 
rahance unmune responses. The CpG ohgonucleotide and mucosal adjuvant may be 
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administered simultaneoxisly or sequentially . \\niieQ the adjuvkits are admixiistered 
simultaneously they can be administered in the same or separate fomiulations, but are 
administered at the same time. The adjuvants are administered sequentially, i^en the 
administration of the at least two adjuvants is temporally separated. The separation in time 
S betwem the administration of the two adjuvants may be a matter of minutes or it may be 
longer. 

As shown in the Exan:q}les section, titers of serum anti-HBs IgG, \^ch is associated 
with systemic immunity » in nuce immiTnizH witii CpG oligonucleotide pliis CT were at least 
50-fbld higher than witii CT or CpG oligonucleotide alone (Figure 1). Furthermore, titers 

10 with 1 (ig of the two adjuvants togetiier gave h&Ucc results tiian 10 (ig of either adjuvant alone. 
These Insults indicate a synergistic action of the two adjuvants. Similar results were also 
obtained with CpG and LT. Suchsyne^ was seen for both humoral (Figures 1-3) and cell- 
mediated (CTL and T-cell prolifonation) (Figure 4) responses. As well, the proportion of 
IgG2a isotype of antibodies, was about 10-times greater with CpG ODN than CT, indicating a 

15 greater Thl influence of CpG ODN compared to CT. Furthermore, the combination of CpG 
ODN and CT gave a SO*times higher IgG2aJgGl ratio than CT alone. Taken together, these 
results indicate a strong synergy of the adjuvant combination humoral immune responses, 
with respect to both strei^ aiKl Thl -bias, and cellular immune responses (Figure 3). 

The halhnaikofmucosdimnxumty is the presence of senetoiylgA antibodies hi 

20 association with mucosal surbces. IgA antibodies are essential to prevent entry of the 

pathogen into the body. IN immunization of mice vitiiHB&Ag alone, 1 or 10 //g, feiledto 
induce any detectable IgA m lung washes. Nor was there any IgA with the low dose of antigen 
and a low dose (1 of CT or CpG ODN. Hov\rever tiiere was significant IgA with a high 
dose of antigen and low dose of either CT or CpG ODN or a low dose of antigen and a low 

25 dose of combined adjuvants. In fiict, IgA levels with 1 fjL$ of each of CpG ODN and CT 

cotnbined were higher than vdth 1 0 ^ of eitiier alone, wfara administered with 1 0 /zg HB sAg 
(Figure 5). Furthermore, IgA in fecal extracts, which indicates induction of mucosal immunity 
at distant sites, was detected only with the combined adjvuants (Figure 6). These results 
indicate that CpG ODN is a potent adjuvant for induction of mucosal immunity and that there 

30 is a strong synergistic response ^en used with anotiier mucosal adjuvant such as CT. 
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Similar results were foimd when LT was used in place of CT (Figure 7, Tables 2 and 
3). CT and LT, which are closely related with considerable structural and functional 
homology, are both too toxic for use in humans. However there are a number of derivations of 
CT and LT that retain some adjuvant activity yet are much less toxic. One example is the 6~ 
subunit of CT (CTB) which is non-toxic since the toxicity is associated with the A subunit 
Another example is LTK63, a genetically detoxified mutant of LT with no toxic exK^Tnalic 
acti^ty . Although these adjuvants are being used in human chnical trials, neidier was a strong 
as OpG ODN for induction of systemic immunity (serum IgG) when each was used at 1 ;ig 
(Figure?). There was also a synergistic eflGectwhraCpG ODN arid CIB or LTK63 
used together, however this was more noticeable fot Thl-bias than for strength of the antibody 
response (Figure 7 and Table 2). The combination of CpG ODN and LTK63 also induced IgA 
in lung washes, even though neither adjuvant on its own induced IgA at low concentrations 
(Tables). 

The strong adjuvanticity and low toxicity of CpO oligonucleotide vjbm delivered to a 
mucosal surfitce has important implic^ons. It wOl allow many antigens to be delivered to 
mucosal sur&ces for the induction of strong systmic immune responses; Non-inva^ve 
vaccine delivery is desirable for immimization of duldren, animals, mass vaccination 
programs and also to avoid the ris^ of needle-stick iiyury. Such vaccmes could be delivered 
intranasally by nose-Kfax>ps or nasal spray or with a delivery system, or they could be delivered 
by other routes (oral, rectal, ocular) to other mucosal sur&ces, including with difB^:ent 
deliv^ systems. 

The synergistic interaction of CpG oligonucleotide with mucosal acyuvants has 
important implications in vacdne development Because of the synergistic response it is now 
pos^le to use lower and le^ toxic doses of mucosal adjuvants such as CT, or other related 
toxins or subunits thereof in conjunction with CpG ol^onucleotide to obtain even better 
immune responses with less toxicity. For example, it would be possible to use Cj^ 
oligonucleotide in combmation with a less toxic genetii^y modified mutants of CT or LT, 
for a highly effective vaccine of acceptable toxicity. Not only could the combined adjuvant 
qjpmach be used to advantage with different toxins, but also with different forms of antigen, 
and different delivery systems to various mucosal routes. An efTective amount as used with 
respect to this aspect of tiie invention is an amount that produces a synergistic immune response. A 
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synwgistic amount is that amount which produces an immune response against a specific antigen that 
is greater than the sum of the individual effects of eitiier the CpQ or the mucosal adjuvant alone. 

The invention can also be used in combination with parenteral immunization strategies 
(e.g., intramuscular, intradennai or subcutaneous injection) , v*ich are noimally used for tiie 
induction of systanic immune leqmnses. Ronarkably, mice immunized with HBsAg and 
having CpQ oligonucleotide as at least one adjuvant, when primed by a parenteral route (IM) 
and boosted by a mucosal route (IN) or primed IN and boosted IM had iqj to 10-fold hi^M^ 
IgG (Le., systemic humoral response) than ^en both prime and boost were by the IM route 
(Figure 8). CeUular immune responses were also stronger with the paienteral/mucosal 
combined ^preaches than with only IN or only IM, as indicated by stixmgar CTL (Figure 9) 
and higher T^ll proliferation (Figure 10). While tiie IN prime and boost gives good mucosal 
responses tiie IM prime and boost gives no detectable mucosal responses figures 1 1-13). 
The IM prime and IN boost i^jproadi also gave significant IgA in lung washes (Figure 1 1) and 
saliva (Euigure 12) but not feces (Figure 13). 

The mucosal adjuvants useful according to tiie invention are nort-oligonncleotide 
mucosal adjuvants. A "non-oligonucteotide muco^ adjuvant as used herein is an atguvant 
other tiian a CpG oligonucleotide fliat is capable of inducing a mucosal immune response m a 
subject vrfirai administered to a mucosal surfece in conjunction witii an antigen. Mucosal 
adjuvants mdude but are not limited to Bactacial toxins: e.g.. Cholera toxm (CT), CT 
derivatives including but not lunited to CT B subunit (CTB) (Wu et al., 1998, Tochikubo et 
al.. 1998); CTOSS (Val to Asp) (Fontana et al., 1995); CTK97 (Val to Lys) (Fontana et al., 
1995); CrK104 (Tyr to Lys) (Fontana et al., 1995); CI1)53/K:63 (Val to Asp, Serto Lys) 
(Fontana ctaL, 1 995); CTH54(Aig to His) (Fontana ctal., 1995);CTN107(Histo Asn) 
(Fontana et aL, 1995); CIEl 14 (Ser to Glu) (Fontana et al, 1995); CTEl 12K (Glu to Lys) 
(Yamamotoctal., 1997a); CTS61F (Ser to Phe)(YamamotoetaI., 1997a, 1997b); CTS106 
(Pro to Lys) (Douce ctal., 1997. Fontana etal, 1 995); andCTK63 (Ser to Lys) (Douce etal, 
1997, Fontana et aL, 1995), Zonuk occludens toxin, zot, Escherichia coU heat-hbile 
entcrotoxin. Labile Toxm (LT). LT derivatives hicludmg but not limited to LT B subunit 
(LTB) (Vetweij et al., 1998); LT7K (Aig to Lys) (Komase est aL, 1998, Douce et al., 1995); 
LT61F(SertoPhe)(KomaseetaL, 1998); LT112K (Glu to Lys) (Komase etal., 1998); 
LTl 18E (Gly to Glu) (Komase et aL, 1998); LT146E (Aig to Glu) (Komase et al, 1998); 
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LT192G (Arg to Gly) (Komase et aL, 1998); LTK63 (Ser to Lys) (Marchetti et al., 1998, 
Douce et al., 1997, 1998, Di Tonunaso et al., 1996); and LTR72 (Ala to Aig) (Giuliani et al„ 
1998), Pertussis toxin, PT. (Lycke et aL, 1992, Spangler BD, 1 992, Fieytag and Clemments, 
1999, Roberts et al., 1995, Wilson et al., 1995) including PT-9K/129G (Roberts et al., 1995, 

5 Cropley et al., 1995); Toxin derivatives (see below) (Holmgren et al., 1993, Verweij et al., 
1998, Rappuoli et al^ 1995, Freytag and Clements, 1999); Lipid A derivatives (e.g,, 
monophosphoryl lipid A, MPL) (Sa^ et al., 1998, Vancott et al., 1998; Muramyl Dipeptide 
(MDP) derivatives (Fukushima et al., 1996, Ogawa et al., 1989, Michaldc et al., 1983, 
Morisaki et al., 1983); Bacterial outer membrane proteins (e.g,, outer surfece protein A 

10 (OspA) lipoprotein of Borrelia burgdorferi, outer membrane prottne of Neisseria 

memngmdis)(ManjaBro et al., 1999, Van de Veig et al., 1996); Oil-in-waler emulsions (e.g., 
MF59) (Barchfield et al., 1999, Verschoor et al., 1999, 0'Hagan, 1998); Alununum salts 
(Isaka et al., 1998, 1999); and Sapomns (e,g., QS21) Aquila Biophatmaceuticals, Inc., 
Worsts, MA) (Sasaki et al., 1998, MacNeal et al., 1998), ISCOMS, MF-59 (a squalene-in- 

15 water emulsion stabilized mih Span 85 and Tween 80; QiiiQn Corporation, Emeiyville, CA); 
die Seppic ISA series of Montanide adjuvants (e.g., Montanide ISA 720; AirLiquide, Paris, 
France); PROVAX (an oil-in-water emulsion containing a stabilizing detergent and a micell- 
fbrming agent; IDEC Pharmaceuticals Corporation, San Diego, CA); Syntext Adjuvant 
Formulation (SAF; Syntex Chemicals, Inc., Boulder, CO); 

20 poly[di(caiboxylatophenoxy)phosphazene (PCPP polymer, Virus Re^ 
and Leishmania elongation factor (Corixa Corporation, Seatde, WA). 

Although mucosal delivery of the antigen is considered a prerequisite for induction of 
strong mucosal iintniwft responses, it is possible to induce strong mucosal immunity to 
gy^emically delivered antigens modulating the immune response with steroid hormones, such 

25 as desaibed for 1,25-Dihydroxy vitamin Dj [l,25(OH52D3l (Daynes ei ol, 1996). The invention 
also includes metiiods for the administration of CpG oligonudeotide alone or in conibination with 
other noucosal adjuvants and antigoi to hormonally treated individuals. Eachofthecompoxmds 
msy be administered together or separately, systemically or mucosally. In some embodiments 
the CpG oligonucleotide and antigen and optioruilly other mucosal adjuvants are admirustered 

30 mucosally and the hormone is administered systemically. The hormone may be given 
parenteraliy (e.g., subcutaneous injection) or mucosally (e.g., orally). 
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Mucosal immune responses can also be induced with the co-administration of cytokines 
with the CpG oligonucleolides. Immune responses can also be augmented by co-linear 
expression of cytokines (Bueier & MuUigan, 1996; Chow ei fl/.,1997; Oeisslex et a/. J997; 
Iwasaki et at, 1997; Kim et aL, 1997) or B-7 co-«timulatory molecules (Iwasaki et dl,, 1997; Tsuji 
et aU 1997). The cytokines can be administ©ned directly with CpG oligonucleotides or may be 
administered in the form of a nucleic acid vector that encodes 4e cytokine, such that flie qrtokine 
can be expressed In vfvo. In one embodiment, when the CpG is administered in the form of a 
plasmid expression vector, the vector may encode the cytokine, and a sqpaiate admmistration of 
cytokme is not reqprired. The term "<g1:okine** is used as a generic name for a diverse group of 
soluble protems .and peptides winch act as humoral regulators at nana- to picomolar 
concentrations and vdrich, either under normal or pathological conditions, modulate the functional 
activities of individual cdls and tissues. These proteins also mediate mteractions between cells 
directly and regulate processes taking place m the extracellular envkonment Examples of 
cytokines include, but are not limited to IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-10, IL-12, IL-15, 
graiiulocyte-macrophage colony sthnulating factor (GM-CSF), granulocyte colony stimulating 
fector (GCSF), interferon^y (Y-INF)» tumor necrosis fector (TNF), TGF-p, FLT-3 ligand, and 
CD40 ligand. 

Cytokines play a role in directing the TceU response. Helper (CD4+) T cells orchestrate 
the immune response of mammals flnou^ production of soluble fectors that act on othw immune 
system cells, including oth» T cells. Most mature CD4+ T helper cells express one of two 
cytokme profiles: Thl or IM. Thl cells express 11^3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-13, GM- 
CSF and low levels of TNFhx. The THl subset promotes delayed-type hypersensitivity, ceU- 
mediated immunity, and immunoglobulm class switohmg to IgGjg. Tlie Th2 subset induces 
humoral umnunity by activatmg B cells, promoting antibody production, and inducing class 
switching to IgQ, and IgE, In some embodiments it is preferred that tiie cytokine be a HiI 
cytokine. 

CpG oligonucleotides were found, surpiismgly, to induce mucosal immunity in remote 
sites as well as local sites. A "rraxote site" as used herein is a mucosal tissue that is located in 
a different region of the body tiian flie mucosd tissue to vWch tiie ^ 
administered. For instam»iftiie<^G oligonucleotide is adrninisteredintranasaUy, a r^ 
would be the mucosal Uning of tiie gut 
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For use in the instant invention, the nucleic acids can be synthesized de novo using any 
of a number of procedures well known in the art For example, the h^ryanoediyl phosphoramidite 
method (Beaucage, Sl„ and CaiuJhers, MJHL, TeL Let. 22:1859, 1981); nucleoside 
H-pho^honate method (Qategg et oL, TeL Let 22:4051-4054, 1 986; Froehler et oL, NucL Acid 

5 Res, J4:5399-5407, 1986, ; Garegg et al., Tet. Let, 22:4055-4058, 1986, Gaflftiey et aL, TeL LeL 
22:2619-2622, 1988). These chemistries can be performed by a variety of automated 
oligonucleotide synthesizers available in the maricet Ahematively, CpG dinucleotides can be 
produced ona large scale in plasmids, (see Sambrook, T., et aL, Molecular Cloning: A Laborat(wv 
ManuaL Cold Spring Harbor laboiatory Press, New York, 1989) and separated into smallerpieces 

10 or administered \^4K)le. After being adnuiiisteied to a subject the plasrnid can be degta^ 
oligonucleotides. Oligonucleotides can be prepared from existing nucleic acid sequences (e.g. , 
genomic or cDNA) using known techniques, sudi as those employing restriction enzymes, 
exonucleases or endonucleases. 

For use in vivo, nucleic acids are preferably relatively resistant to degradation via 
15 endo-and exo-nucleases). Secondaty structures, such as stem loops, can stabilize nucleic adds 
a^tinst degradation. Alternatively, nucleic add stabilization can be accomplished via phosphate 
badd3one modifications. One type of stabilized nucldc add has at least a partial 
phosphorotiiioate modified badcbone. Fhosphorothioates may be synthesized using automated 
tedmiques employing either phosphoramidate or H-pho^honate chemistries. Aryl-and 
20 allg^l-phosphonates can be made, e.^., as described in U.S. Patent No. 4,469,863; and 
alkylphosphotriesters (in ^^di the charged oxygen moiety is all^lated as described in U.S. 
Patent No. 5,023,243 and European Patent No. 092,574) can be prepared by automated solid 
phase synthesis using commercially available reagents. Methods for making odier DNA 
backbone modifications and substitutions have bem desoibed (Uhlmann, E. and Peyman, A., 
25 Chen Rev. 2fi:544, 1990; Goodchild, X, Biocorgugate Chenu 1:165, 1990). 

Nucldc adds containing an appropriate unmethylated CpO can be effective in any 
vertebrate. DiffiraatniK^ldcaddscontaminganunmelfaylatedCpGcancau^ 
stimulation depending on the mammalian species. Thus an oligonucleotide causing optimal 
stimulation in humaiisxnay not cause optimdstimdation in a mouse and vi Oneofskill 
30 in the art can identify the cptimd oligonucleotides useful for a particular mammalian species of 
interest using routine assays described hsmn and/or known in the art, usmg the guidance sqiplied 
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Hie tenn "eflRsctive amount" of a QjG oligonucleotide refers to the amount necessary or 
sufficient to realize a desired biologic effect For example, an effective amount of an 
oligonucleotide contajning at least one unme%lated CpG for indudng mucosal immunity is fliat 
amount necessary to cause tiie develqjmoit of IgA in response to an antigen upon exposure to 
the antigen. Combined wifli fl» teachings provided harein, by choosing among the various active 
conqjounds and weighing fectors such as potency, relative bioavailability, patient body weighs 
severity of adverse side-effects and prefeaied mode of administration, an effective prophylactic 
or thet^jeutic treatment legunra can be planned v*idi does not cause substantial toxicity and yet 
is Mitirdy effective to treat tiie particular subject The effective amount for any particular 
plication can vary depending on such fectors as the disease or condition being treated, tiie 
particular CpG oligonucleotide bemg administered (e.g. tiie number of umnefliylated CpG motife 
or tiieir location in flie nucleic add), tiie antigen, tiie size of tiie subject, or tiie severity of tiie 
disease or condition. One of ordinaiy skiU in tiie art can eoaqjiriraUy determine tiie effective 
amount of a particuhir CpG oligonucleotide and antigen witiiout necessitating undue 
eiqierimentation. 

Subject doses of tiie compounds described herein typically range fiom about 80 mg/day 
to 16.000 mg/day, more typically fixim about 800 mg/day to 8000 mg/day, and most typically 
fiom about 800 mg/day to 4000 mg/day. Stated in temis of subject body weight, typical dosages 
tan^ftom about 1 to 200 nig/kg/diy, more typically fiom about 10 to 100 mg/kg/day, and most 
typically fiom about 10 lo 50 mg/kg/day. Stated in terms of subject body sur&ce areas, typical 
dosages range fiom about 40 to 8000 mg/mVday, more typically fiom about 400 to 4000 
mgtoVday, and most typically fiom about 400 to 2000 mg/mVday. 

In some embodiments, particularly vAnai tiie CpG is in a plasmid vector, at least 50 ng 
of tiie CpG is administered to a subject In ottier «nbodiments at least 75 100 ng, 200 fig, 
300 ng, 400 fxg, 500 ng and evety Integer in between oftiie CpG is administered to tiie sulyect 

For aity conqwund described herdn tiw flieriqieutically effective amount can be initially 
determined fiom cell cultare assays. For instance tiie effective amount of CpG oligonucleotide 
usefiil for indudng mucosal immunity can be assessed using tiie in vitm assays described above 



wo 99/61056 PCT/US99/U359 

-51- 

with respect to stimulation index. The stimulation index can 1)e used to detennine as effective 
amount of the particular oligonudeotide for the particular subject, and the dosage can be adjusted 
upwards or downwards to achieve the desired levels in the subject Ther^utically effective 
amounts can also be determined from animal models. A therapeutically effective dose can also 

5 be determined fiom himian data for CpG oligonucleotides vMch have been tested in humans 
0mman clinical trials have been initiated) and for conqpounds ^cfa are known to exhibit shnilar 
pharmacological activities, such as other mucosal adjuvants, e.g., LT and other antigens for 
vacdnation purposes. The ^lied dose can be adjusted based on the relative bibavailability and 
potent of the administered compound. Adjusting the dose to adiieve maximal cfBcacy based 

10 on tile mefliodsdesoibed above and otl^ methods as are weU-knowni^ 
capabilities of the ordinarily skilled artisan. 

Hie formulations of the invention are administered in pharmaceutically acceptable 
solutions, which may routinely contain pharmaceutically acceptable concentrations of salt, 
bu£fering agCTts, pres^vatives, conqiatible carriers, adjuvants, and optionally other therapeutic 
IS ingredients. 

For use in therapy, an effective amount of the CpG oligonucleotide can be administered 
. to a subject by any mode that delivers the oligonucleotide to a mucosal sur&ce. "Administering'* 
the pharmaceutical composition of the preset invention may be accomplished by any means 
known to tiie skilled artisan. Preferred routes ofadmmistiationmclude but are not limited to 
20 intrana^ intratracheal, inhalation, ocular, vagmal, and rectal. 

Por oral administration, the compounds CpG oligonucleotides, antigen, mucosal 
adjuvant) can be farmulated readily by combining the acdve compound(s) with pharmaceutically 
acceptable carriers well known in the art Such carriers enable the compounds of the invention 
to be formulated as tablets, pills, dragees, capsules, liquids, gels, synqps, slurries, suspensions and 

25 the like, for oral ingestion by a subject to be treated. Phatmaceuticai preparations for oral use can 
be obtained as solid excipient, optionally grinding a resulting mixtnre, and proces^ng the rruxture 
ofgranules, after addiiig suitable auxiliaries, ifdesired, to obtain tablets or Suitable 
excipients are, in particular, fillers sudi as sugars, including lactose, sucrose, marmitol, or 
sorbitol; cellulose preparations such as, for example, maize starch, vdieat starch, rice starch, 

30 potato starch, gelatin, gum txagacanth, methyl cellulose, hydroxypropybn^yl-cellulose, sodium 
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carboxymethylcellulose, and/or polyvinylpyirolidone (PVP).' If desired, disintegrating agents 
may be added, such as the cross-linked polyvinyl pynoUdone, agar, or alginic add or a salt 
thereof such as sodium alginate. Optionally the oral formulations may also be formulated in 
saline or buffers for neutralizing internal acid conditions. 

Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar 
solutions may be used, which may optionaUy contain gum arabic, talc, polyvinyl pynoUdone, 
carbopol gd, polyeflrjdene glycol, and/or titanium diosdde, lacquer solutions, and suitable organic 
solvents or solvent mbrtures. Dyestuffe or pigments may be added to the tablets or dragee 
coatings for identification or to characterize different combinations of active compound doses. 

Pharmaceutical preparations wHch can be used orally include pudi-fit capsules made of 
gelatin, as weU as soft, sealed capsules made of gelatin and a plastidzer, such as glycerol or 
sorbitol. The push-fit cqjsuies can contain the active ingredients in admixture witii filler such 
as lactose, bindats sudi as starches, and/or lubricants such as talc or magnesium steatate and, 
optionally, stabilizers. In soft c^jsules, tiie active compounds may be dissolved or suspended in 
suitable liquids, such as My oils. Uquid paiafBn. or Uquid polycfliylene glycols. In addition, 
stabilizers may be added. Marospheres formulated for oral administration may also be used. 
Such microspheres have been weU defined in tiie art. AU formulations for oral administration 
should be m dosages suitable for sudh administration. 

For buccal administration, flie con^MJsitions may take tiie form of tablets or lozenges 
formulated in conventional manner. 

For administration by inhalation, tiie compounds for use according, to tite present 
invention way be convenienfly delivered in tiie form of an aerosol spray presentation fiom 
pressurized packs or a nebulizer, witii tiie use of a suitable propellant, e.g., 
dichlorodifluoromefliane, trichlorofluoiomefliane. dichlorotehafluoroefliane, carbon dioxide or 
otiier suitable gas. In tiw case of a pressurized aerosol tiie dosage unit may be determined by 
providmgavalvetodeHverameteredamount Capsules and cartridges of e.g: gelatin for use in 
an inhaler or uiaufQator may be formulated containing a powder mix of tiie compound and a 
suitable powder base such as lactose or starch. 



The conqiounds, vHassn it is dearable to deliver tiiem systemically, may be formulated for 
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paienteral administration by injection, e.g., by bolus injection or continuous infusion. 
Formulations for ii^ection be presented in unit dosage fonn» e.^ in ampoules or in multi- 
dose containers, with an added preservative. Hie compositions may take such forms as 
suspensions, solutions or emulsions in oily or aqueous vehicles, and msy contain formulatory 
5 agents such as susi}ending, stabilizing and/or dispersing agents* 

Pharmaceutical formulations for parenteral administration include aqueous solutions of 
the active compounds in water-soluble form. Additionally, suspensions of the active compounds 
may be prepared as appropriate oily injection suspenaons. Suitable lipophilic solvents or 
vehicles include &tty oils such as sesame oil, or synthetic &tty add est^ such as ethyl oleate 
10 or triglycerides^ or liposomes. Aqueous injection suspensions may contain substances \^ch 
increase the viscosity of the su^ension, such as sodium carboxymethyl cellulose, sorbitol, or 
dextran. Optioiially, the suspension rnay also contain suitable stabilize or age^ 
the solubiUty of the compounds to allow for the preparation of highly concentrated solutions. 

Alt^natively, the active compounds msy be in powder form for constitution with a 
15 suitable vehicle, e.g., sterile pyrogen-fiee water, b^ore use. 

The compounds may also be formulated in rectal or va^nal compositions such as 
siqipositories or retention enemas, e.g, , containing conventional siqipository bas^ such as cocoa 
butt^ or othCT glycerides. 

In addition to tiie formulations described previously, the compounds may also be 
20 formulated as a depot preparatioiL Such long acting formulations m^ be fonmilated with 
suitable polymeric or hydrophobic materials (for exanqsle as an muldon in an acceptable oil) or 
ion exchange lesins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt 

lliephannaceuticalconqx>sitioiis also may conqirise suitable solid or gel phase carrieis 
or excipients. Exan^les of such carriers or excipients include but are not Ihnited to calcium 
2S caxfooiude, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and 
polymers such as polyediyl^ glycols. 

Suitable liquid or solid pharmaceutical preparation forms are, for example, aqueous or 
saline solutions for inhalation, microenaqssulated, encodileated, coated onto micioscopic gold 
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particles, contained in Uposomes, nebulized, aerosols, peUets for implantation into the skin, or 
dried onto a sharp object to be scratched into the skm. The phannaceutical compositions also 
include granules, powders, tablets, coated tablets. (micto)capsuIes, suppositories, syrups, 
emulsions, suspensions, creams, drops or preparations with protracted release of active 
5 compounds, m whose preparation excipients and additives and/or auxiliaries such as 
disintegrants, binders, coating agents, swelling agents, lubricants, flavorings, sweeteners or 
solubilizeis are customarily used as described above. The pharmaceutical compositions are 
suitable fiar use in a variety of drug deUvery systems. For a brief review of present methods for 
drug deliveiy, see Langer, Science 242:1527-1533, 1990, which is incorporated herein by 
10 reference. 

The CpG oligonucleotides and antigens may be admmisteted ^ gg (neat) or in the form 
of a phannaceuticaUy acceptable salt When used in medicine die salts should be 
phatmaceutically acceptable, but non^jhannaoeutically acceptable salts may convemently be used 
to prepare pharmaceutically accqjtable salts thereof. Such salts include, but are not Ihnited to, 
IS those prqared ftom the foUowmg adds: hydrochloric, hydrobramic, sulphuric, nitric, 
idiosphoric, maldc, acetic, salicylic, p-tohiaae sulphonic, tartaric, dtric, methane sulphonic, 
formic, malonic, succinic naphtfaalene-Z-sulphonic, and benzene sulphonic. Also, such sails can 
be prepared as alkaline metal or alkaline earth salts, such as sodium, potassium or calcium sahs 
of tibe carbojiylic acid ffovp. 

20 Suitable buffering agents uidude: acetic acid and a salt (1-2% w/v); dtric acid and a salt 

(1-3% wAr); boric add and a salt (0.5-2.5% w^); and phosphoric add and a salt (0.8-2% w/v). 
Suitd)le preservatives include benzalkonium chloride (0.003-0.03% w/v); dilorobutanol (OJ- 
0.9% w/v); parabens (0.01-0.25% w/v) and tfahnerosal (0.004-0.02% w/v). 

The pharmaceutical compositions of the invention contam an eflfective amount of a CpG 
25 o%onndeotide and antigens optionaUymcIuded in a phannaceutically.acceptable carrier. The 
tenn "pharmaceutically-acceptable carrier" means one or more compatible solid or liquid fiUer, 
dilutants or encq)sulating substances which are suitable for administration to a human or otiier 
vertebrate animal. The term "carrier" denotes an organic or inorganic ingredient, natural or 
synthetic, with which the active ingredient is combined lo fedlitate the qjplication. The 
30 components ofthephaimaceuticd compositions also are capable ofbeingcommmgled with the 
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compounds of the present invention, and with each other, in a manner such that there is no 
interaction which would substantially impair the desired pharmaceutical efficiency. 

The CpG oligonucleotide or antigens useful in the invention may be delivered in 
mixtures with additional mucosal adjuvant(s) or antigen(s). A mixture may consist of several 
mucosal adjuvants in addition to the CpG oligonucleotide or several antigens. 

A variety of administration routes are available. Hie particular mode selected will 
depend, of course, iq)ontiie particular adjuvants or antigen selected, the particular condition being 
treated and the dosage required for therapeutic efficacy. The methods of this invention, generally 
speaking, may be practiced using any mode of administration tiiat is medically acceptable, 
meaning any mode that produces dSfective levels of an inmiune response without causing 
clinically unacceptable advi^:^ dfects. Preferred modes of adnurdstration are discussed above. 

Hie compositions may conveniently be presented in unit dosage form and may be 
preparedby any of ^metiiodsweU known in the art of pharmacy. All methods include ft^ step 
of briiigmg the conqwunds into association with a carrier \^ 
ingredi^its. Ing^ieral,thBconq)osttionsarepreparedby urii&rmly and inti^ 
coxqKnmds into association mOi a liquid carder, a finely (Uvided solid caitier, or both, and then, 
if necessary, shaping the product Liquid dose units are vials or anq)oules. Solid dose units are 
tablets, capsules and siqjpositories. For treatm^t of a patient, depending on activity of the 
compomid, maimer of administration, purpose of the immunization ^^.e., prophylactic or 
thenq>eutic), nature and severity of the disorder, age and body wright of the patient, difEerrat 
doses may be necessary. The administration of a gi vra dose can be carried out both by single 
adnunistradoninlfaefamEi of an individual dose umt or else several smaller dose units. Multiple 
administration of doses at specific intervals of weeks or months q)art is usual for boosting the 
antigen-specific responses. 

Otiier delivery systems can include time-release, delayed release or sustained release 
delivery systems. Sudi systems can avoid repeated admixnstrations of the compounds, ina:easu^ 
convenience to the subject and the physiciaiL Many types of release delivery systmis are 
available and known to those ofordinary skill in the art Hiey include polymer base systems sudi 
as poly(lactide-glycolide), copolyoxalates, polycq)rolactones, polyestoramides, polyortiioesters. 
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polyhydroxybulyric acid, and polyanhydrides. Microc^es of the foregoing polymers 
containing drugs are described in, for example, U.S. Patent 5.075,109. DeUvery systems also 
include non-polymer systems that are: lipids including sterols such as cholesterol, cholesterol 
esters and My acids or neutral fets such as mono-di-and tri-^lycerides; hydrogel release systems; 
sylastic systems; peptide based systems; wax coatings; compressed tablets using conventional 
binders and excipients; partially fused implants; and the Wee. Spedfic examples include, but are 
not limited to: (a) ocosional systems in which an agent of tiie invention is contained in a form 
wifliin a matrix such as those described in U.S. Patent Nos. 4,452,775, 4,675,189, and 5,736.152, 
and (b) difBisional systems in viAich an active component permeates at a controlled rate firom a 
polymer such as described in U.S. Patent Nos. 3,854,480, 5,133,974 and 5,407,686. In addition, 
pump-based hardware delivery systans can be used, some of vAich are adapted for inq)lanlation. 

The present invention is fiirther illustrated by the following ^canqiles. vrfiich in no way 
should be construed as further limiting, lie entire contMits of all of the references (including 
literature refemces, issued patents, published patent applications, and co-pending patent 
a^jlications) cited througbout this plication arc hereby expressly incorporated by reference. 

Exaunpie 1: Materials and Methods 
1. Materiab and Animals 

Mice. All esqperimoits were carried out uang female B ALB/c mice aged 6-8 weeks wifli 
5-10 mice per raqjerimental or control group. For intranasal immunizations, mice were lightly 
anaesthetized with Halofhane® (Halocarbon Laboratories, Rivct Edge, NJ). 

Adfuvams: Mice were immuniied by IN administration of 1 fxg HBsAg (plasma-derived 
HBV S protein, ad subtype, Genzyme Diagnostics, San Carios, CA), alone or combined with 1 
or 10 ng of CT (purified firan Vibrio cholerae, Sigma, St. Louis, MO), LT (purified fiom 
Escherichia coli, Sigma), CTB (purified fiom Tibrio cholerae, Sigma), LTK63 (mutant of LT 
bearing an Ser - Lys at position 63, goierously provided by Dr. Rino Rappuoli, IRIS, CJhiron 
S.pA, Italy) and/or CpG ODN (S'-TCCATGACSTTCCTGACQTr-S', CpG ODN #1826 SEQ 
ID NO. 90) or non-CpG control ODN (STCCAGGACnCTCTCAGGTr-S', CpG ODN #1982 
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SEQ ID NO, 91) (Hybridon Specialty Products, Milford, MA), * Hie antigm and adjuvant(s) were 
made up to atotal volume of 150 ^1 with 0.15 MNaCl, and were administered by IN inhalation. 
ODN were resuspended in 1 0 mM Tiis 7.0), 1 mM EDTA for storage at +4EC before dilution 
into saline for inmiunizatioa LPS levd in ODN was undetectable (< 1 ng/mg) by Limulus assay 
5 (WMttaker Bioproducts, Walkersville, MD). 

2. Mucosal Immimization 

Each animal was immunized with 1 or 10 Fgplasma^derivedHBVS protean (HBsAg, ad 
subtype, Genzyme Diagnostics, San Cailos, CA), which was administered alone or in 
combination with 1 or 10 /ig of CT or LT or derivative of them and/or CpG oligonucleotide 
10 #1826. The derivatives of CT were the B subunit of CT (CTB). The detoxijBed derivatives of 
LT were all produced by genetic mutations that affected the A subunit or enzymatic activity and 
included LTK63. All vacdnes were delivered in atotal volume of 150^ which was applied as 
droplets directly over both extemaliiares of Ughtty anaesthetic Some mice wm boosted 
in die identical manner at 8 weeks after prime. All experimental groups contained 5 or 1 0 mice. 

15 3. CoDection of samples 

Plafaiia! Plasma was recovered from mice at Vflrious timftg after tmmxrrnysti-t im (1,2, 4 and 
8 Vfk post-prime and 1 , 2 and 4 vdc post-boost) by retro-orbital bleeding and stored at -20^C until 
assayed. 

Fecal pellets: Fecal pellete were collected fiom mice at various times after immunization 
20 (I9 2, 4 and 8 wk post-prime and 1, 2 and 4 wk post-boost). Mice w^ isolated in individual 
cages without bedding for a 24 hr period, following \riiich fecal pellets were coilected and 
wdgjied into 0.1 mg aliquots. One ml TBS (0.05 M Tris-HO, 0.15 M NaCl, pH 7.5) and 0.1 Fg 
sodium azide (Sigma) were added per 0.1 mg of fecal material. Samples were allowed to 
iehydratefor30minatRT,tiienwerecentrifiigedat6000ipmfor 15 mixL to remove fecal ddiris 
25 and su^)ematants wa:e collected and stored at -20E C until assayed for S-lgA by EUS A. 

Lung washes: Lung washes were carried oiit on mice 4 wk after primary immimization 
or boost A 033 cc Insulin syringe with a 29G1/2 needle attached (Becton Dickenson, Franklin 
Lakes, N J) was used for carrying out lung washes. One ml TBS was drawn into the syringe and 
aleogtfaof polyethylene (PE) tubing that was 1 cm longer than the needle was attadi6d(PE20, 



wo 99/61056 PCTmS99/113S9 

-58- 

m = 0.38 mm, Becton Diddnson). The mouse was kUled by anestbetic overdose and the trachea 
was immedialely exposed tiirough an anterior midline indsdon made using fine-tipped surgical 
scissors (Fine Science Tools Inc., North Vancouver, BC), A small incision was then made in the 
trachea and a clamp (Fine Science Tools Inc., North Vancouver, BC) was placed above it The 
PE tubing was passed a few mm down the liachea through the indsion and a second clamp was 
placed just below the incision to hold the PE tubing m place in the trachea. The TBS solution was 
slowly instilled in the lungs then withdrawn three times (80% recovery expected). Recovered 
samples were centrifuge at 1 3 .000 ipm for 7 min., and the supematants were collected and stored 
at -20E C until assayed by ELISA. 

4. Evaluation of immune responses 

Systemic humoral response: HBsAg-specific antibodies (anti-HBs) in the mouse plasma 
were detected and quantified by end-point dilution ELISA assay (in triplicate) for individual 
animals as described previously (Davis et «1.1998). Briefly, 96-well polysfyiene plates (Coming) 
coated overnight (RT) with plasma derived HBsAg particles (as used for immunization) (100 Fl 
of 1 Fg/ml in 0.05 M sodium caibonat»*icaibonate bu£Fer, pH 9.6) were incubated with the 
plasma for 1 hr at 37 E C. Cqjtured antibodies were then detected with horseradish peroxidase 
(HRP)-coigugated goat anti-mouse IgG, IgGl or IgGZa (1 :4000 in PBS-Tween, 10% PBS: 100 
Fl/weU; Southern Biotechnology Inc.. Birmingham, AL), followed by addition of o- 
phenylenediamine dihydrochloride sohdion (OPD, Sigma), 100 FlMell, for 30 min at RT in the 
daric. Hie reaction was stopped by Ae addition of 4 N H2SO4, 50 Fl/wdL 

End-point dUution titers were defined as the highest plasma dilution that resulted in an 
absorbance value (OD 450) two times greater than flat of non-immune plasma, with a cut-off 
value of 0.05. Anti-HBs titers of respondmg mice (endpoint titers > 10) were ogiressed as means 
SEM of individual animal vahies, which were themselves the average of triplicate assays. 

Mucosal humoral response-. This was earned out on fecal siq)ematanls or recovered lung 

washes as for plasma (above)cxcqit samples were incubated on coated plates forZ hi at 37^ 
captured antibodies were detected with HRP-conjugated goat anti-mouse IgA (1:1000 in PBS- 
Tween. 10% PBS: 100 FlMdl; Southern Biotechnology Inc). Non-immune fecal pellet or lung 
wash solutions were used to determine negative conbol values. For lung wash solutions, and-HBs 
en^int dUution titers were reported (as described above), whereas for fecal pellet solutions. 
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absarbaxK:e values (OD 450) greater than Hiat of non-immune &cal pellet solution v/ete calculated 
and expressed as mean SEM of individual OD 450 values, which fliemselves the average 
of triplicate assays. 

Evaluation of CTL responses: Spleens were removed firom mice 4 \vk after primaiy 

5 immunization or boost. In vitro assay of HBsAg-specific cytolytic activity was carried cut as 
previously described (Davis et oL, 1998). In brief^ single cell suspensions were prepared and 
suspended in tissue culture medium (RPMI 1640, 1 0 % FBS, Life Technologies, Grand Island, 
NY, siq>plemented with penicillin-strq)tomydn solution, 1 000 UAnl, Img/ml final concentrstiQns 
respectively, Sigma). Splenocytes (3 x 10^ were co-cultured for 5 days (37EC, 5% C02) witih 

10 1.5 X 10* syngeneic HBsAg-expressing stimulator cells (P815-preS, graerously provided by P. 
V. Chisari, Scrtpps Institute, JoUa, CA) that had been previoiisly inactiva^ 
(20 000 rad). Effector cells were harvested, washed, smally diluted and cultured with 5x10^ 
^'Cr-labeled HBsAg-e^)q)ressing target cells (P815S) in round bottom 96-well culture plates 
(37EC, 5% C02, 4 hr). Siqjematant (100 FO was r^oved for radiation (gamma) counting. 

IS Spontaneous release was detennined by incubating target cells without effector cells and total 
release by addition of 100 Fl 2 N HCI to ttie target cells. The percent lysis was calculated as 
[(experimental release - spontaneous release)/(total release - spontaneous release)] x 100. The 
percent specific lysis was calculated as % lysis with P815S - % lysis with P815 cells. CTL 
activity for responding mice 1% specific lysis > 1 0 at eflfectorta^^ 

20 as mean SEM of individual animal values, which were th^nselves the average of triplicate assays. 

5. Statistical analysis 

Data were analyzed usmg the GnqahPAD InStat program (Graph PAD Software, San 
Diego). The statistical significance of the difference betwem two ffoMps was determined fiom 
flte means and standard deviations by Studmt's 2-taiIed/-test and between three or more groiQis 
25 by l-iactor analysis of variance (ANOVA) followed by Tiikey's test for multiple range testing. 
Differences were considered to be not significant vdfh p > 0.05. 
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Example 2. Systemic humoral responses after mucosal immnnization 

BALB/c mice immunized on a single occasion by IN inhalation of HBsAg without 
adjuvant did not have any detectable anti-HBs IgG antibodies in their plasma with 1 \ig HBsAg 
and only extremely low titers (<20) in a few mice with 10 of antigen CFiguie 1). 

In contrast, titers of anti-HBs IgO waje considerably greater when HBsAg was 
administered in combination with diher CpG oligonucleotide or CT as adjuvant (Figure 1). WiA 
a low dose of adjuvant (1 ng) and aflier a low or high dose of antigen (1 or 10 ng HBsAg), Q)G 
oligonudeotide was found to be equivalent to CT for induction of plasma anti-HBs IgG (p « 0.73 
with 1 fig HBsAg, and 0.13 with 10 ng HBsAg). CpO oUgonucleotide and CT were also 
equivalent with a high dose of adjuvant (10 ng) and high dose of antigen (10 ]ig HBsA^ (p = 
0.08), however with a lower dose of antigen, the higher dose of CT was superior to the CpG 
oligonucleotide (p = 0.01) (Figure 1). These results indicate that CpG oHgonucleotide is 
essentially equal to CT for enhancement of systemic immune responses with mucosal deliveiy 
(IN) of a protran antigen. 

A combined low dose of CpG oligonucleotide and CT (1 pg of eadt) gave a b^tei 
systemic humoral response than 10 pg CpG oligonucleotide alone (p = 0.01) and was equal to that 
with 10 pg CT alone (p = 0.22X when added to a 1 pg dose of HBsAg. Puithetmote. wilii a 10 
pg dose of HBsA& tiie combuied adjuvants (1 pg each) induced anti-HBs IgG titers as hi^ as 
those wifli 10 pg of either adjuvant alone (CT, p «= 0.27; CpO oHgonucleotide, p = 0.09) (Figure 
1). These finding indicate that CpG oligonucleotide can act syaei%istically with CT vibsa 
administwed to mucosal tiffiue to induce strong systemic humoral responses, and tiiereby pemiit 
a lower dose of adjuvant to be admimstered. 

Antibody titers were fintiua: mcreased about 10-fold by boosting at 8 vito. Post-boost 
titers of plasma IgG were equivalent for CT and CpG oligonucleotide used alone, and were 5-10 
times Wghw than that witii both adjuvants together (Figure 2). These results indicate that the 
adjuvant effect of CpG oligonucleotide alone or in combination wifli CT can be enhanced by 
boosting. 

Evaluation of plasma for IgG antibody isotypes after a single mucosal immnnization 
showed predominantiy IgGl antibodies (Th2-like) with CT and muced IgGl/IgG2a antibodies 
CHiO) witii CpG oligonucleotide alone or in combination wifli CT. The proportion of IgG2a 
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isotype of antibodies, was about 10-times greater with CpG ODN than CT, indicating a greater 
Thl inflxience of CpG ODN compared to CT. Furthennore, the combination of CpG ODN and 
CT gave a SO-times higher IgG2a:IgGl ratio than CT alone (Figure 3). Following boost, anti*- 
HBs were still predominantly IgGl with CT and mixed with CpG oligonucleotide, although in 
5 the latter case, the proportion of IgG2a was now higher. Surprisingly, plasma anti-HBs after boost 
with CpG oligonudcotide and CT were now predominantly IgG2a (Th-1 like) (Figure 3). These 
findings indicate that CpG oligonudcotide as a muca^ adjuvant stimulates a Thl-like response, 
ev«ni in the presence of a strong lh2-like adjuvant like CT. 

Similar results were found -wbsa LT was used m place of CT OPigure 7, Tables 2 and 3), 

10 CT and LT,^ch are closely related witiicoxisiderablestnictural and 

both too toxic ibr iise in humans. Howcvct th^ are a number of derivations of CT and LT that 
retain some a^uvant activity yet are mudi less toxic. One example is the B-subunit of CT(CTB) 
vMch is non4oxic since die toxicity is associated with the A subuniL Another example is LTK63 , 
a genetically detoxified mutant of LT with no toxic en^matic activity. Although these adjuvants 

15 are being used in human clinical trials, neidier was a strong as CpG ODN for induction of 
systemic immunity (serum IgG) when each was used at 1 ^g (Figure 7). Tliere was also a 
synergistic effect when CpG ODN and CTB or L1K.63 wexe used together, howerver this was 
more noticeable for Thl^bias than for strength of the antibody response (Figure 7 and Table 2)« 

Example 3: Systemic CTL responses after mucosal immonization 

20 Only low levels of CTL wac induced with HBsAg aIone» however the addition of either 

CpG oligonucleotide or CT aignific^y increased HBs^-specific CTL activity. CTL responses 
were equivalent for CT and CpG oligonucleotide^ regardless of dose. However, a combination 
of CT and CpQ oligonucleotide (1 ^g of each) increased CTL responses approxunately two-fold. 
(Figured). 
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Example 4: Macosal humoral responses after mucosal immanization 

No anti-HBs S-IgA were detected in lung washes of mice immunized with 1 or 10 fig 
HBsAg alone. Nor were anti-HBs IgA detected with the low dose of antigen combmed with a low 
dose (1 fig) of either CpG oligonucleotide or CT or with ahigh dose of CpG oligonucleotide; only 
5 low titers were detected with low dose antigen and high dose CT (Figure However when low 
doses of both CpG oligonucleotide and CT (1 fig each) were used together with the low dose of 
antigen, significant levels of HBsAg-qpedfic S-IgA could be detected in lung washes (Figure 5). 

With a higher antigen dose (10 fig). S-IgA was detected in lung washes of mice 
administered the either low or high doses of CT and/or CpG oligonucleotide. Titers of IgA were 

10 significantly higher wiA 1 jig of the two adjuvants together than with 10 fig of GT or CpG 
oligonucleotide alone (p = 0,0003 and <0.0001 respectively) (Figure 5), IgA titers increased 
apiwoximately tm-fold after boosting with both adjuvants. Thus CpG oligonucleotide can induce 
specific local mucosal immunity agamst antigen administered mtranasally, Furflicrmor^ similar 
to as was found for systemic response (above) CpG oligonucleotide acts in a synergistic fashion 

1 5 vn&i CT for the induction of mucosal immunity. 

IgA was also det^;ted in fecal pellets of mice hnmunized with HBsAg and 10 fxg CpG 
oligonucleotide. In contrast, only very low levels were detected in mice immunized with HBsAg 
incoml»nationwi1hCT(lorl0fig)5figure6). Thus, QpG oUgonucleotide can induce mucosal 
immunity at distant mucosal sites. 

20 

Example 5: Mucosal and Systemic Immune Response to other Mucosal Adjuvants 
Systeinic immune responses 

IN delivery of HBsAg (1 fxg) without adjuvant did not uiduce detectable anti-HBs I^ 
antibodies in the plasma of axsy mice (0/15). In contrast, hi^ tita:s of anti-HBs IgG were induced 
25 in all mice when HBsAg was administered in combmation with CpG, CT or LT as adjuvant 
(Figure 7, Table 2). At a low dose (1 fig) LT, CT and CpG gave equivalent anti-HBs IgG titers 
(p =^ 0.22). At a high dose (10 fig) CT and LT gave higher titers than CpG, however 5/10 mice 
receimg this dose of LT died wilhm 10 days. No detectable anti-HBs IgG was detected with a 
low dose (1 fig) of CTB or LTK63, however a high dose (10 fig) of CTB gave low anti-HBs IgG 
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endpoint ELISA titers and a high dose (10 jig) of L1K63 gave as good levels of anti-HBs IgG 
as a high dose (10 |ig) of CpG (p = 0.97) (Figure 7, Tables 2 and 3). 

When used together, CpG and ertherLTor CT (1 fig each) appeared to have a synergistic 
effect since anti-HBs titers were S to 1 0 times higher than with any one of the three adjuvants 

5 aIone(Figuxe7). Indeed, CpG plus LT (1 ^g each) gave a better respoxise than 10 |iig of CpG or 
LT alone (p - O.007, 0*015 respectively) and the response with CpG plus CT (1 jig each) was 
equal to that with 10 ^g CT alone (p = 0.65). In contrast, there was no synergistic effect with 
LTK63 plus CpG (1 \ig each) £)r anti-HBs IgG titers, which were equivalent to those with 1 ^g 
CpG alone (p = 0.40). Surprisingly, CTB plus CpG (1 \ig each) gave lower anti-HBs titers than 

10 1 |ig CpG alone (p = 0.007) (Figure 7). Adjuvant effects with CpG ODN were due to the CpG 
motif rather tiian a non-specific effect of the ODN backbone since mice immunized with 1 (igof 
HBsAg plus 10 ^g of non-CpG ODN had no (7/10)or very low (3/10) titers of anti-HBs IgG 
antibodies (data not shown). 

Antibodies were predonunantiy IgGl (Th2-like) with CT, CTB and LT and mixed 
15 IgGl/IgG2a (TbimH) with LTK63. At a low dose (1 fig) responses witii CpG were nuxed 
IgGiyigG2a(llil/ni2),butatahigherdose(10}xg) were more (IgG2a»IgGl). Responses 
were mixed Thl/Th2wifliCr/CpG or CTB/CpG and more Thlw^ Atalowdose(l 
|ig each) LTK63/CpG responses were Thl/rh2, but at a higher dose (10 fig each) were more Hil 
(Table 3). Thus coadministration of CpG with other adjuvants shifted responses towards a more 
20 Thl-like response as indicated by a greater proportion of IgG2a antibodies. 

Mucosal immune responses 

Vfbsn adjuvants were used alone, only mice receiving LT or LTK63 had detectable IgA 
in lung washes, however ^b£n CpG ODN was also induded with CT or LT a gr^^ 
animals responded or titers were highar than with comparable doses alone, suggesting a 
25 syners^c effect CpG alone did not indiK:e IgA. Neither did CTB, alone or combined with CpG 
(Tables). 

Only a few adjuvants on their own (LT and CpG) induced IgA in the feces, and then only in some 
animals. No significant IgA was detected vn± CT, CTB, LTK63 or non-CpG ODN. CpG and LT 
togeflier resulted in IgA in the feces of a greats proportion of animals than either adjuvant alone 
30 suggesting an additive or synergistic effect No such effects were evident with other combinations (Table 
3). 
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Table 2: Effect of adjuvant on HBsAg-spedfic antibody isbtypes 
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T^blc 3. Effect of adjuvant on HBsAg-spccific IgA responses 
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0 


0 


0 


0 


control ODN 


1 


0 


0 


0 


0 


control ODN 


10 


0 


0 


0 


0 


CT + CpGODN 


1 each 


17,49 


2 


120 


1 


CTB CpG ODN 


1 each 


0 


0 


0 


0 


LT + CpGODN 


1 rach 




5 


150 ± 20 


4 


LTK63 + CpGODN 


leach 


14 


1 


0 


0 


CT+ control ODN 


1 each 


0 


0 


0 


0 


Cr-t-CpGODN 


10 each 








= 


CTB + CpG ODN 


lOeadi 


17 


1 


0 


0 


LT+CpGODN 


lOeadi 










LTK63-t-CpGODN 


10 each 


2S±46 


3/4 


130 


1/4 



wo 99/61056 



-66- 



PCTAJS99/113S9 



3 

O 

I 

a 

§ 

B 

M 

I 



O 



O 

I 

a 



& 



o 

I 

b 

B 
B 
g 



e5 





Itcp 


X 






X 


X 


X 




X J 


»< X 


X 


X 








X 




X 


X 


X 




X } 


< X 


X 






1 


X 


X 


X 


X 


X 


X 


X 


X i 


< X 


X 


X 








X 








X 




X 


X 


X 














X 










X 


X 














X 


X 


X 








X 






1 BOOST 


g 


c 

a 

+ 

B 
a 

'S 

+ 




INAg+CT 


+ 
z 


+ 
+ 




* 

w 

? 

E 
» 

+ 

f 




INAg+CT + CpG 


§ 










o 
























( 












o 


O 


o 










+ 

E 
a 










& 

+ 


& 
+ 


+ 




i 






+ 
1 








+ + 


+ 

to 
< 


INAg+C] 


+ 

g 



ili 

*• 

*-4 U4 



in 
CS 



wo 99761056 



•67 • 



PCTAJS99/11359 



REFERENCES 

Alpar HO, 02soy Y, Bowen J, Eyies JE, Conway BR, TlWlliamson ED. Potential of particulate 
carriers for the mucosal detivery of DNA vacdnes. Biochemical Society Transactions 
1997;25(2):337S. 

Ballas, Z. K., W. L. Rasmussen, and A. M. Krieg. 1996. Induction of natural killer activity in 
murine and human cells by CpG motifi in oiigodeoxynucleotides and bacterial DNA. J. 
ImmtmoL 157, 1840. 

Bird, A. P. CpG islands as goie markers in the vextebmte nucleus. 1987. Trends in Genetics 
3:342. 

BowKBodc TL. Shalalv WS. Levy M, Samuels ML. Lallone R. White MR. Borie DL. Lehmey©^ 
L Park K. Evaluation of an orally administered vaccine, using hydrogels containing 
bacterial exotoxins of Pasteuiella haemolytica, in catde. Am. J. Vet Res. 1 994; 55: 502-9. 

Bueler H and Midligan RC Induction of antigen-specific tumor inmnmity by genetic and cellular 
vaccines against MAGE: enhanced tumor protection by co^cpression of granulocyte- 
macrophage colony-stimulating fitctor and B7-L 1996; 2; 545*555. 

Chace, IIL,N. A. Hooker, K. L. Mildoistem, A. ML Krieg, and J. S. Cowd^. 1997. Bacterial 
DNA-inducedNK cell IFN-y i»Podnction is dependent on macrophage secretion of IL-12. 
Clin Immunol Immtmopath.^ 84:185. 

Chow YH, Huang WL, Chi WK, Chu YD, Tao MH. Improvement of hepatitis B virus DNA 
vaccines by plasmids coocpressing hq>atitis B sur&ce antigm and intarleukin-2. Journal 
of Virology 1997;71(l):169-78. 

Coi^ Y. Weaver CT. Elson CO. The mucosal adjuvanticity of cholera toxin involves 
^ihancement of costimulatory activity by selective q;>-regulation of B7.2 expression. J. 
Immunol. 1997; 159: 5301^. 

Constant SL. Bottomly K. Induction of Thl and Th2 CD4+ T cell responses: the alternative 
approaches. Ann, Rev. Immunol. 1997; 15: 297-322. 

Cowd^, J. S., J. H. Chace, and A. M. Krieg. 1996. Bacterial DNA induces in vivo interferon-y 
production by NK cells and increases sensitivity to endotoxin. J, Immunol 156:4570. 



10 



wo 99/61056 PCTAJS99/11359 

-68- 

Davis HL, Weeratna R, Waldschmidt TJ, Schorr J and Krieg AM. CpG DNA is a potent adjuvsuit 
in mice imnmnized with tecombinant hepatitis B sur&ce antigoa. J. Immunol. 1998; 160: 
870-876. 

de Haan L. Verweij WR. FeU IK. Lijnema TH. Hoi WG. Agsteribbe E. Wilschut J. Mutants of 
tiie Escherichia coli heat-labile enterotoxin with reduced ADPnibosylation activity or no 
activity retain the immunogenic properties of the native holotoxin. Infect Immun. 1996; 
64: 5413-6. 

Ddong R. Eftephenson K. Loftus T. Fisher M. Alahari S. Nolting A. Juliano RL. Characterization 
of complexes of oligonucleotides wift polyamidoamine starburst dendrimere and efEects 
on intracellular deliveiy. J. Phamnac. Sci. 1997; 86: 762-4. 

Douce G. Turcotte C. Cropley I. Roberts M. Pizza M. Domenghini M. R^uoli R, Dougan G. 
Mutants of Escheridiia coU heat-labile toxin lacking ADP^ibosyltiansferase activity act 
as nontoxic, mucosal adjuvants. PNAS. 1995; 92: 1644-8. 

Eldridge J, Staas JK., Meulbioek JA., McGhee JR. Biodegradable microspheres as a vdcdne 
15 delivery system. Molecular Immunolc^ 1991; 28: 287-294. 

Gallidian WS, Rosaithal KL. Specific secretory immune responses in the female g»ital tract 
following intranasal immunizatiMi wi& a reccMnbiiant adenovirus eapcessing glycoprotein 
B of herpes simplex virus. Vacdne 1995;13(16):1589-95. 

Geissler M, Gesien A. Tokushige K. Wands JR. Enhancement of ceUular and humoral immune 
20 responses to hepatitis C virus core protein using DNA-based vaccines augmented wifli 

cytokine-exprBssingplasmids. J Immunol 1997;158(3):1231-7. 

Grqgoriadis G. fiigmeering l^somes for drug deliveiy: progress and jMoblans. Trends Biotech. 
1995;13:527-537. 

Halpem. M. D., R, J. Kurlander, and D. S. Pisetsky. 1996. Bacterial DNA induces murine 
25 «»tofe»n-YPJ»duction by stimulation of interieukin-1^ CWi 

Immunol 167:72. 

HanebergB,KendallD,AmeiongenHM,ApterFM,Kraehenbuhl J-P,andNeutraMR. Induction 
of specific immunoglobulin A in the small intestme, colon-rectum, and vagina measured 
by a new method for collection of secretions from local mucosal surfaces. Infect Ymmiin 



wo 99/61056 PCT/OS99/11359 

-69- 

1994; 15-23. 

Hogg JC The pathology of asthma APMIS. 1997; 105; 10: 735-45. 

Holmgren J, Lycke N, Czeikinsky C. Diolera toxin and cholera B subunit as oral^mucosal 
adjuvant and antigen vector systems. Vaccine 1 993 ; 1 1 : 1 1 79-1 1 S4. 

5 Homquist E. Lycke N, Cholrn toxin adjuvant greatly promotes antigen priming of T cells- Eur. 
J. Immunol. 1993; 23: 2136-43. 

Kay AB. TH2-type cytokines in asthma, Ann. NY Acad ScL 1996; 796: 1-8. 

KimJJ, AyyavooV, BagarazziMI^Qiatteigoon MA, Dang Wang B,^ Weiner 
D B. In vivo engineering of a cellular immune response by coadmdnistration of IL*12 
10 expression vector with aDNA immunogen. J. Immunol. 1997;158: 816-26. 

Klinman DM, Yamsfachikov G, and Ishigatsubo Y. Contribution of CpG motifs to the 
immunogenicity of DNA vaccines. J. Immunol. 1997; 158: 3635-3659. 

Klinman, D., A. -K. Yi, S. L. Beaucage, J. Conover, and A. M. Krieg. 1996. CpG motife 
expressed by bacterial DNA rapidly induce lymphocytes to seaiete IL-6, IL-12 and IFN. 
15 Proc. Natl. Acad ScL USA 93:2879. 

Krieg, A. M., A- -K. Yi, S. Matson, J, Waldschmidt, G. A. Bishop, R. Trasdale, G. Koretzky, 
and D. Kliiunan. CpG moti& in bactmal DNA trigger direct B-cell activation. 1995. 
Nantre 374:546. 

Krieg, A. M. 1996 An innate inmnme defense mechanism based on the recognition of CpG 
20 moti& in microbial DNA. J. Lab. Gin. Med. 128:128. 

Kukowska-Latallo JF. Bielinska AU. Johnson J. Spindler R. Tomalia DA. Baker JR Jr. EfBcient 
transfer of genetic naaterial into mammalian cells using Starburst polyamidoamine 
dendrimers. FNAS. 1996; 93: 4897-902. 

Lamm ME, Mazanec MB, Nedrud JG, Kaetzel CS. Mechanisms of IgA-mediated mucosal 
25 defense. Vacdne Res. 1992;1:169-173. 

Lycke N, Tsuji T, and Holmgren J. The adjuvant effect of Vibrio cholerae and Escherichia coli 
heat-labile entocotoxins is linked to thdr ADP-ribosyltiansferase activity. Eur. J. immunoL 
1992;22:2277-2281. 



wo 99/61056 PCrAJS99/11359 

-70- 

Maloy KJ. Douachie AM. Mowat AM Induction of Thl and Th2 CD4+ T cell responses by oral 
or parenteral inununization with ISCOMS, Eur. J. Immunol, 1995; 25: 2835-41, 

Mamuno RJ and Gould-Fogerite S. Lipid matrix-based vaccines for mucosal and systemic 
immunization. In: Vaccine Design; Hie subunit and adjuvant approach, (ed. Powell MF and 
5 Newman MJ) Plenum Press, New Yoric 1995; 363-387. 

McGhee JR, Mestecky J, Dertzbaugh MT, Eldridge JH, Hirasawa M, Kiyono H. The mucosal 
immune system: j&om fun&imeotal concepts to vaccine development Vaccine 1 992;10:75- 
88. 

Messina, J. P., G. Gilkeson, and D. S. Pisetsky. 1991. Stimulation of in vitro murine 
10 lymphocyte proliferation by bacterial DNA, J. ImmunoL 147:1759. 

Mestecky J, McGhee JR. Prospects fox human mucosal vaccines. In: Ciaidi JE, ed. Genetically 
Engineered vaccines. New York: Plenum Press, 1992:13-23. 

OUagan DT. Oral immunizatian and the common mucosal immune system. In: (XHagan DT, ed 
Novel Delivery Systems for Oral Vaccines. Boca Raton: CRC Press, 1994:1-24. 

15 OHagan DT, Rahman D, JefFeiy H, Sharif S, Challacombe SJ. Controlled release microparticles 
for oral immunization. Int J. Pharm. 1994; 108: 133-139. 

Pizza M. Fontana MR. Giuliani MM. Domenighini M. Magagnoli C. Giannelli V. Nucci D. Hoi 
W. Manetti R. Rappuoli R, A genetically detoxified derivative of heat-labile Escherichia 
coUenterotoxm induces neutralizmg antibodies against fte A subu^ Exp. Med. 1994; 
20 180:2147-53. 

Rj^uoli R. Douce G. Dougan G* Pizza M. Geneticj detoxification of bacterial toxins: a new 
^roach to vaccine development. Int Aich Allergy ImmunoL 1995; 108:327-33. 

Sato Y. Roman M. Tighe H. Lee D. Corr M. Nguyen MD. Silverman GJ. Lotz M. Carson DA. 
Raz E. Immunostimulalory DNA sequences necessary for effective intradermal gene 
25 immunization. Science. 1996; 273: 352-4. 

Schirmbeck R, Melber, K, KuhrSber A, Janowicz ZA and Reunann J. Immunization with 
soluble hepatitis B virus sur&ce protein elicits murine H-2 class l-restricted CD8-*- 
cytotoxic T lymphocyte responses in vivo. J. ImmunoL 1994; 152: 1110-11 19. 

Sjoland^- A. Lovgten Bengtsson K. Johansson M. Morein B. Kinetics, localization and isotype 



wo 99/61056 PCT/US99/11359 

-71" 

profile of antibody responses to immune stimulating complexes (ISCOMS) containing 
human influ^iza virus envelope glycoproteins, Scand. J. Inmiunol. 1996; 43:164-72. 

SjolandCT A* vant Land B. Lovgren Bengtsson K. Iscoms containing purified Quillaja sapcmins 
iqiregulate botii ITil-like and Th2-like immune responses. Cell. Immunol. 1997; 177: 69- 
5 76. 

Snider DP. The mucosal adjuvant activities of ADP^osylating bacterial enterotoxins. Grit Rev. 
Immunol 1995; 15:317-48. 

Spangler BD. Structure and function of diolera toxin and tiie related Escherichia coli heat-labile 
enterotoxin. Microbiol. Rev. 1992; 56: 622-647. 

10 Staats HF, Jackson RJ, Marinaro M, Takahashi I, Kiyono H, McGhee JR. Mucosal immunity to 
infection with unpUcations for vaccine development Current Biology. 1994;6:572-583. 

Trfomaga, T, H. Yamamoto, S. Shimada, H. Abe, T. Fufcuda, Y. Fujisawa> Y* Furutani, O. Yano, 
T. Kataoka, T. Sudo, N. Makiguchi, and T. Suganuma, 1984. Antitumor activity of 
deoxyribonucleic acid flection fiom mycobacterium bovis GCG. I. Isolation, 
15 physicochemicalcharactmzation, and antitumor activity. JNCI 72:955. 

Tsuji T» Hamajima K, Ishii N. Aoki I, Fukusbima J, Xin KQ, Kawamoto S» Sasaki S , Matsunaga 
K, Ishigatsubo Y, Tani K, Okubo T, and Okuda K. ImmunomodulatDiy efifects of a plasmid 
expressing B7-2 on human immunodeficiency virus-1 -specific cell-mediated immunity 
induced by a plasmid encoding tiie viral antigen. Eur. J. InununoL 1997; 27: 782-7. 

20 Valodas, J., Davies, J. K.» Wright, P Stiugnell ILA. Intranasal immunization with liposomes 
induces strong mucosal immune responses in mice. Eur. J. ImmunoL 1995; 25: 969-975. 

Weemtna R, Brazolot Millan CL, Krieg AM, and Davis HL. Reduction of antigen expression 
fix»m DNA vaccines by co-administered oHgodeoxynucleotides. Anti. NxicL Acid Ess.Qn 
press), 

25 Yamamoto, S*, T. Yamamoto, S. Shimada, E Kuramoto, O. Yano, T. Kalaoka, and T. Tokunaga 
1992. DNA fixm) bacteria, but not fit>mvertebtat^ induces interf^ 
killer cells and inhibits tumor growth. Microbiol Immunol 36:983, 

Ti, A.-K., Cowd^y, J.S., J JL Chace, and KM. Krieg. 1996. DFN-y promotes IL-6 and Ig-M 
secretion in response to CpO moti& in bacterial DNA and ODN. J, Immunol, 156:558. 



wo 99/61056 PCT/US99/113S9 

-72- 

The foregoing written specification is considered to be suflGcient to enable one skilled in 
the art to practice the invention. The presoit invention is not to be limited in scope by examples 
provided, since the examples are intended as a single illustration of one aspect of the invention 
and other functionally equivalent embodiments are within the scope of the invention. Various 
5 modifications of the invention in addition to those shown and described herein will become 
apparent to those skilled in the art from the foregoing description and fell within tiie scope of the 
appended clauns. The advantages and objects of the invention are not necessarily encompassed 
by each embodiment of the invention. 

We claim: 
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1 . A method for indudng a mucosal immune response, comprising: 

administering to amucosal surfece of a subject an effective amoxmt for Inducing amucosal 
immune response of an oligonucleotide, having a sequence including at least ttie following 
fonnula: 

S'XjXaCGXjX^T 

vAc^in C and G are unmelhylated, vdierein Xj^Xj, X3,and X4 are nucleotides, and 

exposing the subject to an antigra to induce the mucosal immune response, and wherein 
die antigen is not encoded in a nucleic acid vector. 

2. The method of claim 1, v^ierein the subject is actively exposed to the antigen. 

3. llie mediodofdaim 2, wherein the antigen is delivered to a mucosal sur&ce. 

4. The method of claim 2, ^niierein the antigen is administered concunently with the 
oligonucleotide. 

5. The mediodofclaim 2, wherein the antigen is deUvered in conjunct! 
dispersion system. 

6. The mediod of claim S, vdietein the colloidal dispersion system is selected fi^m the 
group consisting of macromolecular con^lexes, nanocapsules, microspheres, beads, and lipid- 
based systems. 

7. The method of claim 6, vihmm the Itpid-based system is selected &om the group 
consisting of oil-in-^wat^ emulsions, micelles, mixed micelles, and liposomes. 

8. Hie method of claim 2, fiirther comprising the step of administering a non- 
oligonucleotide mucosal adjuvant in conjunction with the antig^ 

9. Tlie method of claim 8, ^^herein the non-oligonucleotide mucosal adjuvant is selected 
fix>m the group consisting of cholem toxin, derivatives of cholem toxin, labile toxin, derivatives 
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of labile toxin, alum, MLP, MDP, saponins such as QS21, Cytokines, oU-in-water and other 
canulsion fonnulations such as MF59, SAP, Montanide ISA 720 and PROVAX, PCPP polymers, 
andlSCOMS. 

10. TTie method of claim 1, wh^ein the subject is passively exposed to the antigen. 

5 11 . The method of clarni 10, wherein the subject is a subject at risk of developing an 

allCTgic reaction. 

12. The method of claim 10, wherein the subject is a subject at risk of developing an 
infectious disease. 

13. The method of claim 1 1, wherein the subject is at risk of developing cancca*. 

10 14. Hie method of claim 1, wherein the oligonucleotide is 8 to 1 00 nucleotides in length. 

1 5. The method of claim 1, vAerein the oligonucleotide mcludes a phosphate backbone 
modification ^ch is a phosphoiothioate or phosphorodithioate modijScation. 

16. The method of claim 15, v^iiercm the phosphate backbone modification occurs at the 
5* end of the oligonucleotide. 

15 17. The method of claim 15, wherein the phosphate backbone modification occurs at the 

3' end of the oligonucleotide. 

18. The method of claim 1, wherein XjXj are nucleotides selected &om the group 
consisting of: OpT, QpQ, QpA, ApA, ApT, ApG, CpT, CpA, CpG. TpA, TpT, and TpG; and 
X3X4 are nucleotides selected firom the grotp consistmg of: TpT, CpT, ApT, TpG, ApG, CpG, 

20 TpC, ApC, CpC TpA, ApA, and CpA. 

19. The method of claim 1, \dierein the oligonucleotide has a sequence including at least 
the following formula: 

S'TCNTXiXjCGXjX^y 

v*etem X^ Xj^Xs^ and X4 are nucleotides, N is a nucleic acid sequence composed of fit)m about 
25 0-25 nucleotides. 
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20. The method of claim 1, wherein fhe antigen is selected from the gioup consisting of 
cells, cell extracts, proteins, polypeptides, pq}tides, polysaccharides, polysaccharide conjugates, 
peptide mimics of polysaccharides, lipids, glycolipids, carbohydrates, allergens, viruses and viral 
extracts and miiticellidar organisms such as parasites. 

21. The method of claim 1, viierein the antigen is an allergen. 

22. The mediod of claim 1, wherein the antigen is derived firom an infectious organism 
selected from &e groiq) consisting of infectious bacteria, infectious viruses, infectious parasites, 
and infectious ftmgL 

23. The method of claim 1, vdierein the subject is an asdmiatic. 

24. The method of claim 1 , futlher comprising admmist^g a cytokine to the subject 

25. Theinethodofclaiml,fi2rdiercomprisingadminist^gaB-7co^^ 

26. The mediod of claim 1, vAierein the mucosal immunity is induced in aremote site. 
27« The method of claim 1, further comprising administering a boost of oligonucleotide. 

28. Tliernethod of daim 8, fiirtiiercomprismg administering 
and the non-oligonucleotide mucosal adjuvant 

29. A method for inducing a muco^ hnmune response, comprising 

administering to a muco^ sui&ce of a subj ect an effective amount for inducing a mucosal 
inmiune response of an antigeai and a plasmid vector, having a sequence including at least die 
following formula: 

5'X,X2CGX3X4 3* 

inlierein C and G are immethylated, wherein Xt^X2, X3, and X4 are nucleotides. ^ 
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30. The method of claim 29, wherein flie antigen is not encoded in a nucleic acid vector. 

3 1 . The method of claim 29, wherein flie antig^ is mcoded by a nucleic acid vector. 

32. The method of claim 3 1 , wherein the antigen is encoded by the plasmid vector. 

33. The method of claim 29, wherein tfie plasmid vector includes a nucleic acid sequence 
5 which operatively encodes for a cytokine. 

34. Hie mediod of claim 29, wdierein the antigen and the plasmid vector are administered 
orally. 

35. The method of claim 29, wherein the mucosal immunity is induced in a remote site. 

36. The method of claim 29, \^4le^e^l at least SOjig of the plasnud vector is administeied 
10 to the subject 

37. The method of claim 29, further comprising the step of administering a non- 
oligonucleotide mucosal adjuvant m conjunction with the antigen. 

38. The method of claim 37, wherein the noiM)ligonucleotide mucosal adjuvant is selected 
fiom the ffxmp consisting of cholem toxin, derivatives of cholera toxin, labile toxin, derivatives 

15 of labile toxin, alum, MLP, MDP, sqjonins such as QS21, cytokines, oD-in-water and other 
mmlsion formulations such as MF59, SAP, Montanide ISA 720 and PROVAX, PCPP polymers, 
andlSCOMS. 

39. The mediod of claim 29, further comprising administering a boost of oligonucleotide. 

40. The method of claim 37, fiirdier comprismg administering a boost of the 
20 oligonucleotide and the non-oligonucleotide mucosal adjuvant 

41. The metiiod of claim 29, wherein XjXj are nucleotides selected fiom the group 
consisting of: GpT, GpG, QpA, ApA, ApT, ApO, CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are nucleotides selected from tiie group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, 
TpC, ApC, Q)C, TpA, ApA, and CpA, 
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42* The method of daim 29, wl^ein the oligonucleotide has a sequence including at least 
the following fonnula: 

5'TCNTX,X2CGX3X4 3' 

whfiiOTi Xi, Xj^Xa^ and X4 are nucleotides, N is a nucldc add sequence composed of j&om about 
0-25 nucleotides. 

43. Hie method of claim 29, i^Aierein the oligonucleotide is 8 to 100 niideotides in length. 

44. The metitod of claim 2% \^erein the oligonucleotide includes a phosphate backbone 
modification vAadti is a phosphorothioate or phosphorodilhioate modification. 

45. Hie method of claim 44, wherein the phosphate badcbone modification occurs at the 
5' ^ of the oligonucleotide. 

46. The method of claim 44, v^erein the phosphate badcbone modification occurs at the 
3' end of the oligonucleotide. 

47. A metiiod for inducmg a mucosal inomune response, compiismg 

administmng to a muco^ sur&ce of a subj ect an effective amount for inducing a mucosal 
immune response of an antigen and of an oligonucleotide, having a sequence including at least 
the following formula: 

5' XjXjCGXaXiS* 

\fdia:dn C and G are unmethylated, wherein X1X2, Xj^and X4 are nucleotides, and ^erem the 
antigm is encoded by a nucleic acid vector. 

48. Tlie method ofdaim 47, v^erein the antigen and the oUgonucleotide TO 
orally. 

49. The method ofclaim 47, vdierein the mucosal tnmiunity is induced in a remote 

50. The method of claim 47, whraein at least 50^g of the plasmid vector is administered 
to the subject 



wo 99/61056 PCT/US99/11359 

-78- 

5L The method of claim 47, further comprising the step of administering a non- 
oligomicleotide mucosal adjuvant in conjunction with the antigen. 

52. Tlie method of claim 5 1 , wherein the non-oligonucleotide mucosal adjuvant is selected 
from the groiq) consistmg of cholera toxin, derivatives of cholera toxin, labile toxm, derivatives 
of labile toxin, alum, MLP, MDP, saponins such as QS21, cytokines, ofl-in-water and other 
emulsion formulations such as MF59, S AF, Montanide ISA 720 and PROVAX, PCPP polym^ 
andlSCOMS. 

53. The method of claim 47, further comprising administering a boost of oligonucleotide. 

54. The method of claun 47, further comprising admimstwing a boost of the 
oligonucleotide and the non-oligonucleotide mucosal adjuvant 

55. The method of claim 47, wherem the oligonucleotide has a backbone selected from the 
group consistmg of aphosphodiester badcbone and a chimeric backbone. 

56. The mediod of claim 47 whadn the oligonucleotide has a phosphorothioate baddxme. 

57. The method of 56 wherein plasmid and oligwmcleotidcs are delivered with a colloidal 
dispmion system. 

58. The method of 57 vAerein the colloidal dispersion system is selected from flie groiq) 
consisting of macromolecular complexes* nanocapsules, microspheres, beads, and lipid-based 
systems. 

59. The method of 56 vrfiereiu plasmid and oligonucleotide are coated onto gold particles 
and aie deliv^ed with a gene-gun. 

60. The method of claim 47, wherem X,Xa are nucleotides selected from the groiq> 
consisting of: GpT, GpQ, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, TpT, and TpG; and 
X3X4 are nucleotides selected from the group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, 
TpC, ApC, CpC, TpA, ApA, and CpA. 

61. The method of claim 47, vAetem the oligonucleotide has a sequence mcludmg at least 
the following formula: 
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5'TCNlX,X2CGX3X4y 

vriiiBtdn X] , Xj^ X3^ and X4 are nucleotides* N is a nucleic acid sequence conqwsed of j&om about 
0-25 nucleotides. 

62. The method of claim 47, ^^eln the oligonucleotide is 8 to 100 nucleotides in l^igth. 

63. Ihe meOiod of ckdm 47, M/faerdn the oligonucleotide includes a phosphate backbone 
modification vAdxh is a phosphototiuoate or phosphoroditbioate modification. 

64. The method of claim 62, vAraein fiie phosphate backbone modification occuis at the 
S' md of the oligonucleotide. 

65. 11^ method ofdaim 62, i^dierein the phosphate 
3' end of tiie oligonucleotide. 

66* A mdhod for inducing a mucosal immune response in a subject, comprising: 

administering to a subject an antigen and an efifective amount for inducing a mucosal 
immune response of an oligonucleotide, having a sequence including at least the following 
fpnnula: 

5'X,X2CaX3X4 3* 

wherein C and G are unmethylated, wherem X1.X2, Xj^and X4 are nucleotides, and 
adininistering to the subject a honnone to indiice the mucosal immune response. 

67. The method ofdaim 66, vAiei!emfheanlige& and the oUgo^ 
to a mucosal sui&ce of the subject 

68. The method of claim 66, ^^^leiein the honnone is administered systemically. 
69* A method for inducing an immune response, comprismg 

orally administering to a subj ect an ejGfective amount for inducing an immune response of 
an oligonucleotide, having a sequence including at least the foUowing formula: 
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5'X,X2CGX3X4 3' 

wherein C and G are unmethylated, v^^erein X, Xj, Xa^and X4 are nucleotides, and 
exposing die subject to an antigen to induce Ihe inunune response. 

70. TTienielhod of claim 69, i^^ierein the antigen is admini^^ 

71 . The method of daim 69, vrfberein the antigen is administered simultaneously with the 
oligonucleotide. 

72. The method of claim 69, wherein ihe oligonucleotide is administered m an effective 
amount for indudng mucosal immunity. 

73. A method for inducing an immune respoiise, comprising 

orally admmistering to a subj ect an efEective amount for mducmg an immune response of 
a QpG contaming plasmid, having a sequence includmg at least the following formula: 

S'XiXjCGXaX^y 

wherein C and G are unmethylated, whercm X, Xj, X^^and X4 arc nucleotides, and 
e9g>osing Ihe subject to an antigen to induce the inmume lesf^ 

74. The method ofclafan 73, wherem the antigen is administered orally. 

75. The method of claim 73, wharin the antigen is administoed simultaneously wifli tiie 
CpG containing plasmid. 

76. The method of claun 73, wherein the oligonucleotide is administered m an effective 
amount for inducing mucosal immunity. 

77. A metiiod for inducing an immune response, compdsmg 

intranasally administering to a subject an effective amount for inducing an Unmune 
response of an oUgonudeotide, havmg a sequence includmg at least tiie foflowing fonnula: 
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5'X,X2CGXjX4 3' 

wherein C and G are unxnelhylated, i?^ierein X|^X2, Xa^and X4 axe nucleotides, and 
exposing the subject to an antigen to induce the immune response. 
78* The method ofclaim 77, vt^iexdn die antigen is administered inlrai^^ 

79. llienKlhodofclaim 77, \^toein the antigen is adnu^ 
oligonucleotide 

80. The method of claim 77, wherein the oUgonucleotide is adnodnist^^ 
amount for inducing mucosal Imnmnity. 

81. A method for indudrg an immune response, comprising 

rectally administering to a sulgect an effective amount for inducing an immime response 
of an oligonucleotide, Imving a sequmce including at least tfa^ following formula: 

S'XiXaCGXjXiy 

wherein C and G are mmoefhylated^ «di0cdnXi,X^,X3,and X| are nucleotides, and 
exposmg tte subj^ to an antigen to induce the immune response. 

82. Ihemediodofdaim 81, wfaerem the antigen is administ^edrectaU 

< 83. Ihemeihodofclaim 81, vdierein the antigen is admixnstered 
oligonucleotide. 

84. The method of claim 81, wherem the oligonucleotide is admiiustered in an efiEective 
amount for inducing mucosal immunity. 

85. A m^liod for inducing an immune response, coixqnising 

va^nally administBxing to a sob) ect an efifective amount for inducing an immune r^spcmse 
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of an oligonucleotide, having a sequence including at least the following fonnula: 

5'X,X2COX3X4 3* 

wherdn C and G are unmetbylated, wherein Xj, Xj, X3, and X* are nucleotides, and 
exposing the subject to an antigen to induce the immune response, 

86. The method of claim 85. v^erein ttie antigen is admmistered vagmaUy. 

87. The metiiod of claun 85, v*erdn the antigen is administered sunultaneously with the 
oligonucleotide. 

88. The method of daim 85, wherein ihe oligonucleotide is administered in an effective 
■ amount for inducing mucosal immunity. 

89. A me^liod for indudng an immune response, comprising 

ocularly administering to a sulqect an effective amount for inducing an immune response 
of an oligonucleotide, having a sequence including at least the foltowing fonnula: 

5'X,X2CGX3X«3' 

wherein C and G are unmethylatBd, wherein X,Xj, Xj.and X, are 

oqwsong file subject to an antigen to induce the immune response. 

90. The m^iod of claim 89, wherein ibe antigaa is administered ocularly. 

91. Themethodofclaim89,wfaeteintheanligenisadministeiBdsiniultaneouslywidii^ 
oligonucleotide. 

92. The method of claim 89, wherein the oUgonucleotide is administered in an effective 
amount for inducing mucosal immunity. 

93. A method for inducing a qrstanic immune response, conqaising 
administering to amuoosal surfece of a subject an effective amount for inducing a systemic 
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immune response of an oligonucleotide^ having a sequence including at least the following 
fonnula: 

5'X,X2CGX3X4 3' 

wherein C and G are unmethylated, vdierein Xj.Xj, X3.and X4 are nucleotides, and 

5 adnunistering to the mucosal sur&ce of the subject an antigen to induce the systemic 

immune response* 

94. The method of claim 93, herein the antigen is deliv^ed in conjunction with a 
colloidal dispersion system. 

95. TTie method of chum 94, vAraein the colloidal disp^ion system is selected fiom the 
10 groiq) consisting of macromolecular complexes, nanocq)sules, microspheres, beads, and lipid- 

based systems. 

96. Hie method of claim 95, wberdn the lipid-based system is selected £rom ib& group 
consisting of oil-in-water emulsions, micelles, mixed micelles, and liposomes. 

97. The method of claim 93, furfher comprising the 5tq> of administering a non- 
1 5 oligonucleotide mucosal adjuvant in conjunction with the antigen and the oligonucleotide. 

98. Hie method of claim 97, 'wii^in the non-oligomideotide mucosal adjuvant is selected 
fiom the group consisting of cholera toxin, derivatives of cholem toxin, labile toxin, derivatives 
of labile toxin, alum, MLP, MDP, sq}oiiins such as QS21, cytokmes, oil*in-water and other 
muldon formulations such as MFS9, SAF, Montanide ISA T20 and PROVAX, PCPP polymers, 

20 audlSCOMS. 

99. The method of claim 93, whotein the oligonucleotide is 8 to 100 nucleotides in length. 

100. The me&od of claim 93, therein the oligormcleotide includes a phosphate backbone 
modification v^ch is a phosphorothioate or phosphorodithioate modification. 

lOL The method ofckum 100, wheim the phosphate backbone modifi^ 
25 5' end of the oligonucleotide. 

102. The method of claim 100, wherein the phosphate backbone modification occurs at the 
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103. The method of claim 93, ^eiein XjXj are nucleotides selected fiom the group 
consisting of: GpT, GpG, GpA and ApA and X3X4 are nucleotides selected fiom the group 
consisting ofi TpT, CpT or TpC 

104. The method of claim 93, wherein the oligonucleotide has a sequence including at least 
flie following formula: 

S'TCNTXiXaCGXaX^y 

wherein X„ X2.X3., and X4 arc nucleotides, N is a nucleic add sequence composed of fiom about 
0-25 nucleotides. 

105. The method of claim 93, vibesr&n the antigen is selected fiom the group consisting of 
cells, cell extracts, proteins, polypeptides, peptides, polysaccharides, polysaccharide conjugates, 
peptide mimics of polysaccharides, lipids, glycoKpids, carf>ohydrates, allergens, viruses and viiBl 
extracts and muticellular organisms such as parasites. 

106. The method of claim 93, wherein the antigen is an allergen. 

107. The mefliodofclaim 93, wherein die antigen is derived fiom an infection 
selected from the group consisting of infectious bacteria, infectious viruses, mfectious parasites, 
and infectious fimgi. 

108. The method ofdaim 93, whaein the antiga is not encoded in a nuddc add ve^ 
and vtein tiie antigen does not produce a systemic fanmu^^ 

mucosal sorfiice alone. 

109. A method for inducing a systemic immune response, comprising 

administering to a mucosal suifece of a sifcject an eflfective amount fo^ 
iimnune response of a combination of a non-oligonucleotide mucosal adjuvant and an 
oligonucleotide, having a sequence including at least the following fomiula: 

5'X,X2CGX3X4 3' 
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vAxemn C and G are unmethylated, wherein X, Xj, Xj. and X4 are nucleotides, and 
expoang the subject an antigen to induce the systemic immune response. 

1 10. The method of claim 109, whttein the subject is actively ejqwsed to the antigen and 
wherdn the antigen is deUvered in coigunction with a coUoidal dispersion system. 

111. The method of claim 110, wherein the coUoidal dispersion system is selected from 
the group consisting of macromolecular conqilexes, nanocapsules, microspheres, beads, and Upid- 
based systems. 

112. Themelhodofclaimlll,whereinthelipid-basedsystemisselectedfromthegroup 
consisting of oU-iuhwater emulaons, miceUes, mixed miceUes, and liposomes. 

1 13. The meflwd of claim 110, wherein the antigen is delivered to a mucosal surfece. 

114. The method of claim 113, wherein the non-oligonucleotide mucosal adjuvant is 
selected from flie group consisting of cholera toxin, derivatives of cholera toxm. labUe toxin, 
derivatives of labile toxin, alum, MLP, MDP, sqwnins such as QS21, cytokines, oU-in-water and 
other emulsion fonnulations such as MF59. SAP, Montanide ISA 720 and PROVAX, PCPP 
polymers, and ISCOMS. 

115. The metfiod of claim 109, wherein flje oligonucleotide is 8 to 100 nucleotides in 
length. 

1 16. The method of daim 109, whwdn the oligonucleotide includes a phosphate ba«!kbanB 
modification v*ich is a phosphoroAioate or phosphorodithioate modification. 

1 17. The m^d of claim 116, wbssxan the phosphate baddwne modification occurs at the 
5' end of the oligonucleotide. 

118. lhemelhodofclaimll6,wh«rantiiephoq)hatebadd)onemodificationocciusatti^ 
3' end of tiie oligonucleotide. 

1 19. The method of daim 109, wherem XjXj are nucleotides selected from flie ffoxsp 
consisting of. GpT, GpG, GpA and ApA and XjX* are nucleotides selected from tiie group 
consisting o£ TpT, CpT or TpC. 
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120. The method of claim 109, vfbsroin the oligonucleotide has a sequence including at 
least the following fonnula: 

5'TCNTXtX2CGX3X4 3' 

v*etein X„ Xj^ and X4 are nucleotides, N is a nucldc acid sequence OM^posed of 6cm about 
0-25 nucleotides. 

121. The method of claim 109, wherein fte antiga is selected fiom the grotjp consisting 
of cells, cell extracts, protems, polypeptides, peptides, polysaccharides, polysaccharide 
conjugates, peptide numics of polysaccharides, lipids, glycolipids, caibohydrates, allergens, 
viruses and viral extracts and muticellular organisms such as parasites. 

122. The method of claim 109, herein the antigen is an allergen. 

123. The mefliodofclaim 109, wherein the antigen is derived fiom an infects 

sdected fiom the group consisting of infectious bacteria, infectious viruses, infectious parasites, 
and infectious fungi. 



1 24. The method of claun 1 09, i^diradn the antigen is not wicoded m a nucleic add vector. 
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SEQUENCE LISTING 

<110> Ottawa Civic Hospital Loeb Research Institute 

<120> Methods and Products for Inducing 
Mucosal Immunity 

<130> C1040/7006WO/HCL 

<150> US 60/086,393 
<151> 1998-05-21 

<160> 95 

<170> PastSKQ for Windows Version 3.0 

<210> 1 
<211> 15 

<2i2> mn 

<213> Artificial Sequence 

<400> 1 
gctagacgtt agcgt 

<210> 2 
<211> 15 
<212> 

<213> Artificial Sequence 

<400> 2 
gctagatgtt agcgt 

<210> 3 
<211> 15 
<212> EiNA 

<213> Artificial Sequence 
<220> 

<221> tnodifiedjbase 
^222> (7)..-(7T 
<223> m5c 

<400> 3 
gctagacgtt agcgt 

<210> 4 
<2ll> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modif ied_base 
<222> <13)...<13) 
<223> m5c 
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<400> 4 

gctagaogtt agcgt 15 

<210> 5 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 5 

gcatgacgtt gagct 15 

<210> 6 
<211> 20 
<212> DUA 

<213> Artificial Sequence 
<400> 6 

atggaaggtc cagcgttcte 20 

<210> 7 
^ <211> 20 

<2i2> 

<213> Artificial Sequence 
<400> 7 

atcgactctc gagogttctc 20 

<210> 8 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modifiedTbase 
<222> (3)..-(3T 
<223> mSc 

<400> 8 

atcgactctc gagogttctc 20 

<210> 9 
<211> 20 
<212> DUA 

<213> Artificial Sequence 
<220> 

<221> modifiedjbase 
<222> (18)... (18) 
<223> mSc 

<400> 9 

atcgactctc gagcgttctc 20 

<210> 10 
<211> 20 
<212> DHA 
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<213> Artificial Sequence 

<400> 10 
atggaaggtc caacgttctc 

<210> 11 
<211> 20 
<212> VWi 

<213> Artificial Sequence 

<400> 11 
gagaacgctg gaccttccat 

<210> 12 
<211> 20 
<212> DNA 

<:213> Artificial Sequence 

<400> 12 
gagaacgctc gaccttccat 

<210> 13 
<211> 20 
<212> jmn 

<213> Artificial Sequence 

<400> 13 
gagaacgctc gaccttcgat 

<210> 14 
<211> 20 
<212> USOi 

<213> Artificial Sequence 

<220> 

<22l> tDodif ied_base 
<222> (14) •.•(14) 
<223> m5c 

<400> 14 
gagaacgctg gaccttccat 

<210> 15 
<211> 20 
<212> DHA 

<213> Artificial Sequence 

<400> 15 
gagaacgatg gaccttccat 

<210> 16 
<211> 20 
<212> D»A 

<213> Artificial Sequence 



<400> 16 
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gagaacgctc cagcactgat 20 

c210> 17 
<2X1> 20 
<212> 

<213> Artificial Sequence 
<400> 17 

tccatgtcgg tcctgatgct 20 

<210> 18 
<211> 20 
<212> mA 

<213> Artificial Sequence 
<220> 

<221> xnodif ied_base 
<222> (12) ... (12) 
<223> mSc 

<400> 18 

tccatgtcgg tcctgatgct 20 

<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 19 

tccatgaogt tcctgatgct 20 

<210> 20 
<211> 20 

<2i2> vm 

<213> Artificial Sequence 
<400> 20 

tccatgtcgg tcctgctgat 20 

<210> 21 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 21 

tcaacgtt 8 

<210> 22 
<211> 8 
<212> OKA 

<213> Artificial Sequence 



<400> 



22 



tcagcgct 



8 



<210> 



23 
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<211> 8 
<212> DNA 

<2X3> Artificial Sequence 

<400> 23 
tcatcgat 

<210> 24 
<211> 8 
<:2I2> D£3A 

<213> Artificial Sequence 

<400> 24 
tcttcgaa 

<210> 25 
<211> 7 
<212> BHA 

<213> Artificial Sequence 

<400> 25 
caacgtt 

<210> 26 
<211> 6 
<212> DNA 

<213> Artificial Sequence 

<400> 26 
ccaacgtt 

<210> 27 
<211> 8 
<212> OKA 

<213> Artificial Sequence 

<:400> 27 
aacgttct 

<210> 26 
<211> 8 
<212> DMA 

<213> Artificial Sequence 

<400> 26 
tcaacgtc 

<210> 29 
<211> 20 
<212> DKA 

<213> Artificial Sequence 

<400> 29 
atggactctc cagcgttctc 



<210> 30 



wo 99/61056 PCT/US99/11359 

-6- 

<2X1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 30 

atggaaggtc caacgttctc 20 
<210> 31 

<211> 20 
<212> DHA 

<213> Artificial sequence 
<400> 31 

atogactctc gagegttctc 20 

<210> 32 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 32 

atggaggctc catcgttctc 20 

<2X0> 33 
<211> 20 
<2X2> DSZA 

<2X3> Artificial Sequence 
<220> 

<221> modi£ied_base 
<222> {X4) . . . (14) 
<223> m5c 

<400> 33 

atcgactctc gagogttctc 20 

<2X0> 34 
<21X> 20 
<2X2> DMA 

<2X3> Artificial Sequence 
<220> 

<221> tnodifiedjbase 
<222> (18) . . . (18) 
<223> mSc 

<400> 34 

atcgactctc gagegttctc 20 

<210> 35 
<21X> 20 
<212> DiNA 

<2X3> Artificial Sequence 



<400> 35 
tccatgtcgg tcctgatgct 



20 
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<2X0> 36 
<211> 20 
<212> Dim 

<213> Artificial sequence 

<400> 36 
tccatgccgg tcctgatgct 

<210> 37 
<2X1> 20 
<212> DN7V 

<213> Artificial Sequence 
<400> 37 

tccatggcgg tcctgatgct 

<210> 38 
<2X1> 20 
<2X2> DOHA 

<2X3> ArtificiaX Sequence 

<400> 38 
tccatgacgg tcctgatgct 

<210> 39 
<2XX> 20 
<2X2> DMA 

<213> Artificial Sequence 

<400> 39 
tccatgtcga tcctgatgct 

<2X0> 40 
<211> 20 
<2X2> moi 

<213> Artificial Sequence 

<400> 40 
tccatgtcgc tcctgatgct 

<2X0> 41 
<211> 20 
<212> WA 

<2X3> ArtificiaX Sequence 

<400> 41 
tccatgtcgt ccctgatgct 

<2X0> 42 
<211> 20 
<2X2> DNA 

<2X3> Artificial Sequence 
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20 



20 



20 



20 



20 



<400> 42 
tccatgacgft gcctgatgct 



20 
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<210> 43 
<211> 20 
<212> DHA. 

<213> Artificial Sequence 

<400> 43 
tccataacgt tcctgatgct 

<210> 44 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 44 
tccatgaogt ccctgatgct 

<210> 45 
<211> 20 
<21^ DMA 

<213> Artificial sequence 

<400> 45 
tccatcacgt gcctgatgct 

<210> 46 
<211> 19 
<2X2> SNA 

<213> Artificial Sequence 

<400> 46 
ggggtcaacg ttgacgggg 

<210> 47 
<211> 19 
<212> TfNA 

<213> Artificial Sequence 

<400> 47 
ggggtcagtc gtgacgggg 

<210> 48 
<211> 15 
<212> DNA 

<213> Artificial Seqtxence 

<400> 48 
gctagacgtt agtgt 

<2X0> 49 
<211> 20 
<212> miA 

<213> Artificial Sequence 



<400> 49 
tccatgtcgt tcctgatgct 



20 



wo 99/61056 



PCT/US99A1359 



<210> 50 
<211> 24 
<212> DMA 

<213> Artificial Sequence 

<400> 50 
accatggacg atctgtttcc cctc 

<2X0> 51 
<211> IB 
<212> DKA 

<213> Artificial Sequence 

<400> 51 
tctcccagcg tgcgccat 

<210> 52 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<4C0> 52 
accatggacg siactgtttcc cctc 

<210> 53 
<211> 24 
<212> msA 

<213> Artificial Sequence 

<400> 53 
accatggacg agctgtttcc cctc 

<210> 54 
<211> 24 
<212> CHA 

<213> Artificial Sequence 

<400> 54 
accatggacg acctgtttcc cctc 

<210> 55 
<211> 24 
<212> DKA 

<213> Artificial Sequence 

<400> 55 
accatggacg tactgtttcc cctc 

<210> 56 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



<400> 56 
accatggacg gtctgtttcc cctc 



24 
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<210> 57 
<211> 24 
<2X2> DNA 

<213> Artificial Sequence 
<400> 57 

accatggacg ttctgtttcc cctc 24 

<210> 58 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 58 

cacgttgagg ggcat i5 

<210> 59 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 59 

tcagcgtgcg cc 12 

<210> 60 
<211> 17 
<212> HMA 

<213> Artificial Sequence 
<400> 60 

atgacgttcc tgaogtt 17 

<210> 61 
<211> 17 
<212> UNA 

c213> Artificial Sequence 
<400> 61 

tctcccagcg ggogcat 17 

<210> 62 
<211> 20 
<212> X3MA 

<213> Artificial Sequence 
<400> 62 

tccatgtcgt tcctgtcgtt 20 

<210> 63 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 63 
tccatagcgt tcctagcgtt 
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<210> 64 
<21X> 21 
<212> DMA 

<213> Artificial Sec[uence 

<400> 64 
tcgtcgctgt ctccccttct t 

<210> 65 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

<400> 65 
tcctgacgtt cctgacgtt 

<210> 66 
<211> 19 
<212> HNA 

<213> Artificial Sequence 

<400> 66 
tcctgtcgtt cctgtcgtt 

<210> 67 
<211> 20 
<212> DKA 

<213> Artificial Sequence 

<400> 67 
tccatgtcgt ttttgtcgtt 

<210> 68 
<211> 20 
<212> DUA 

<213> Artificial Sequence 

<400> 66 
tcctgtcgtt ccttgtcgtt 

<210> 69 
<211> 20 
<212> X3NA 

<213> Artificial Sequence 

<400> 69 
tccttgtcgt tcctgtcgtt 

<210> 70 
<211> 20 
<212> Dm. 

<213> Artificial Sequence 

<400> 70 
tcctgtcgtt ttttgtcgtt 
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19 
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20 
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<210> 71 
<211> 21 
<212> DMA 

<213> Artificial Sequence 
<400> 71 

tcgtcgctgt ctgcccttct t 21 

<210> 72 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 72 

tcgtcgctgt tgtcgtttct t 21 

<210> 73 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<4D0> 73 

tccatgcgtg cgtgcgtttt 20 

<210> 74 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 74 

tccatgcgtt gcgttgcgtt 20 

<210> 75 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 75 

tccacgacgt tttogacgtt 20 

<210> 76 
<211> 20 
<212> DfiSA 

<213> Artificial Secjuence 
<400> 76 

tcgtcgttgt cgttgtcgtt 20 

<210> 77 
<211> 24 
<212> mK 

<213> Artificial Sequence 



<400> 77 
tcgtcgtttt gtcgttttgt cgtt 



24 
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<210> 78 
<211> 22 
<212> DNTl 

<213> Artificial Sequence 

<400> 78 
tcgtcgttgt ogttttgtcg tt 

<210> 79 
<211> 21 
<212> DMA 

<213> Artificial Sequence 

<400> 79 
gcgtgcgttg tcgttgtcgt t 

<210> 60 
<211> 21 
<212> DMA 

<213> Artificial Sequence 

<400> 80 
tgtcgtttgt cgtttgtcgt t 

<210> 81 
<211> 25 
<212> DHA 

<213> Artificial Sequence 

<400> 81 
tgtcgttgtc gttgtcgttg tcgtt 

<210> 82 
<211> 19 
<212> UNA 

<213> Artificial Sequence 

<400> 82 
tgtcgttgtc gttgtogtt 

<210> 83 
<2X1> 14 
<212> DNA 

<213> Artificial Sequence 

<400> 83 
tcgtcgtcgt c^tt 

<210> 84 
<211> 13 
<212> PNA 

<213> Artificial Sequence 



<400> 84 
tgtcgttgtc gtt 



13 
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<210> 85 
<211> 20 
<212> rSNA 

<213> Artificial Sequence 

<400> 85 
tccatagcgt tcctagcgtt 

<210> 86 
<211> 20 

<2i2> im 

<213> Artificial Sequence 

<400> 86 
tccatgacgt tcctgacgtt 

<210> 87 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<400> 87 

gtcgyt 

<210> 88 
<211> 7 
<212> mA 

<213> Artificial Sequence 

<400> 88 
tgtegyt 

<2X0> 89 
<2ai> IB 
<212> DNA 

<213> Artificial Sequence 

<400> 89 
agctatgacg ttccaagg 

<210> 90 
<211> 20 
<212> 

<213> Artificial Sequence 

<400> 90 
tccatgacgt tcctgacgtt 

<210> 9X 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 91 
tccaggactt ctctcaggtt 



20 
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<210> 92 
<211> 20 

<212> rasEA 

<213> Artificial Sequence 
<400> 92 

atcgactctc gaacgttctc 20 

<210> 93 
<211> 20 
<212> DKA 

<213> Artificial sequence 
<400> 93 

tccatgtcgg tcctgacgca 20 

<210> 54 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 94 

tcttcgat Q 

c2lO> 95 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 95 
ataggaggtc caacgttctc 



20 
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